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S^O 



From Sliakespeare to Plato — from the pliilosopliic poet to the poetic philo- 
sopher — the transition is easy, and the road is crowded with illustrations 
of our present suhject. 



Hast thou ever raised thy mind to the consideration of existence, in and 
hy itself, as the mere act of existing ? 

Hast thou ever said to thyself, thoughtfully. It is! — heedless, in that 
moment, whether it were a man hefore thee, or a flower, or a grain of 
sand, — without reference, in short, to this or that particular mode or 
form of existence ? If thou hast, indeed, attained to this, thou wilt have 
felt the presence of a mystery, which must have fixed thy spirit in awe 
and wonder. 

Coleridge. 



LoNooir: 

Wilson and Oqilvt, 

67, sklBDcr Street. 



PREFACE. 



Since 1848, when the " Poetry of Science'^ was first 
submitted to the public, two editions have been ex- 
hausted. This, were proofs required, would of itself 
show that there is a large circle of readers to whom 
the deductions of science have an unfailing interest. 
Beyond this, it conveys an assurance that every truth, 
however abstract it may appear, has a large popular value 
if studied in its relations to those generalities which 
embrace great natural phenomena. With this per- 
suasion the third edition of the " Poetry of Science^^ 
has been extended so as to include all the important 
discoveries which have been made in Natural Philo- 
sophy to the end of the year 1853. It is now pre- 
sented to the world in a new and cheaper form, in the 
hope, that, with the extension of its circulation, there 
may be awakened, in still larger circles, a deep and 
healthfiil interest in the sciences of which the volume 
treats. 

R. H. 

Edinbargh, March 7, 1854. 
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TO 



From Shakespeare to Plato — from the philosophic poet to the poetic philo- 
sopher—the transition is easy, and the road is crowded with illustrations 
of our present suhject. 



Hast thon ever raised thy mind to the consideration of existence, in and 
hy itself, as the mere act of existing ? 

Hast thou ever said to thyself, thoughtfully, It is! — heedless, in that 
moment, whether it were a man hefore thee, or a flower, or a grain of 
sand, — without reference, in short, to this or that particular mode or 
form of existence ? If thou hast, indeed, attained to this, thou wilt have 
felt the presence of a mystery, which must have fixed thy spirit in awe 
and wonder. 

Coleridge. 



LoNooir: 

Wilson and Ooiltt, 

67, skiaotr Street. 
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INTRODUCTION. 



The True is the Beautiful. Whenever this becomes 
evident to our senses, its influences are of a soul- 
elevating character. The beautiful, Tfhether it is per- 
ceived in the external forms of matter, associated in the 
harmonies of light and colour, appreciated in the 
modulations of sweet sounds, or mingled with those 
influences which are, as the inner life of creation, ever 
appealing to the soul through the vesture which covers 
all things, is the natural theme of the poet, and the 
chosen study of the philosopher. 

But, it will be asked^ where is the relation between 
the stem labours of science and the ethereal system 
which constitutes poetry ? The fumes of the laboratory, 
its alkalies and acids, the mechanical appliances of the 
observatory, its specula and its lenses, do not appear 
fitted for a place in the painted bowers of the Muses. 
But, from the labours of the chemist in his cell, — from 
the multitudinous observations of the astronomer on his 
tower, — spring truths which the philosopher employs to 
interpret nature^s mysteries, and which give to the soul 
of the poet those realities to which he aspires in his high 
imaginings. 

Science soUcits from the material world, by the 
persuasion of inductive search, a development of its 
elementary principles, and of the laws which these obey. 
Philosophy strives to apply the discovered facts to the 
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great phenomena of being, — to deduce large generalities 
from the fragmentary discoveries of severe induction, — 
and thus to ascend from matter and its properties up to 
those impulses which stir the whole, floating, as it were, 
on the confines of sense, and indicating, though dimly, 
those superior powers which, more nearly related to 
infinity, mysteriously manifest themselves in the phe- 
nomena of mind. Poetry seizes the facts of the one 
and the theories of the other ; unites them by a pleasing 
thought, which appeals for truth to the most unthinking 
soul, and leads the reflective intellect to higher and 
higher exercises ; it connects common phenomena with 
exalted ideas ; and, applying its holiest powers, it invests 
the human mind with the sovereign strength of the 
True. 

Truth is the soul of the poet's thought; — truth is 
the reward of the philosopher's toil ; and their works, 
bearing this stamp, live among men through all time. 
Science at present rejoices in her ministry to the require- 
ments of advancing civilization, and is content to receive 
the reward given to applications which increase the 
comforts of life, or add to its luxuries. Every improve- 
ment in the arts or manufactures, beyond encreasing 
utilities for society, has a tendency to elevate the race. 
Science is ever useM in the working days of our week, 
but it is not to be neglected on our Sabbath, — when, 
resting from our labours, it becomes agreeable to con- 
template the few truths permitted to our knowledge, 
and thus enter into communion as closely as is allowed 
to finite beings, with those influences which involve and 
interpenetrate the earth, giving to all things Life, 
Beauty, and Divinity. 

The human mind naturally delights in the discovery 
of truth ; and even when perverted by the constant 
operations of prevailing errors, a glimpse of the Real 
comes upon it like the smile of daylight to the sorrowing 
captive of some dark prison. The Psychean labours to 
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try man^s soul, and exalt it, are tlie searcli for truth 
beneath the mysteries which surround creation, — to 
gather amaranths, shining with the hues of heaven, 
from plains upon which hang, dark and heavy, the mists 
of earth. The poet may pay the debt of nature, — the 
philosopher may return to the bosom of our common 
mother, — even their names fade in the passage of time, 
like- planets blotted out .of heaven ; —but the truths 
they have revealed to man bum on for ever with un- 
extinguishable brightness. Truth cannot die ; it passes 
from mind to mind, imparting light in its progress, and 
constantly renevmag its own brightness during its dif- 
fusion. The True is the Beautiful; and the truths 
revealed to the mind render us capable of perceiving 
new beauties on the earth. The gladness of truth is like 
the ringing voice of a joyous child, and the most remote 
recesses echo with the cheerful sound. To be for ever 
true is the Science of Poetry, — ^the revelation of truth 
is the Poetry of Science. 

Man, a creation endued with mighty faculties, but a 
mystery to himself, stands in the midst of a wonderful 
world, and an infinite variety of phenomena arise axound 
him in strange form and magical disposition, like the 
phantasma of a restless night. 

The solid rock obeys a power which brings its con- 
geries of atoms into a thousand shapes, each one geo- 
metrically perfect. Its vegetable covering, in obedience 
to some external excitation, developes itself in a curious 
diversity of forms, from the exquisitely gracefiil to the 
singularly grotesque, and exhibits properties still more 
varied and opposed. The animal organism quickened 
by higher impulses, — ^powers working within, and modi- 
fying the influence of the external forces, — presents, 
from the Monad to the Mammoth, and through every 
phase of being up to Man, a yet more wonderful series 
of combinations, and features still more strangely con- 
trasted. 
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Lifting our searcliing gaze into the measureless space 
beyond our earth, we find planet bound to planet, and 
system chained to system, all impelled by a universal 
force to roll in regularity and order around a comnlon 
centre. The pendulations of the remotest star are com- 
mimicated through the unseen bond ; and our rocking 
world obeys the mysterious impulse throughout all those 
forces which regulate the inorganic combinations of this 
earth, and unto which its organic creation is irresistibly 
compelled to bow. 

The glorious sun by day, and the moon and stars in 
the silence and the mystery of night, are felt to influence 
all material nature, holding the great Earth bound in a 
many-stranded cord which cannot be broken. The 
tidal flow of the vast ocean, with its variety of animal 
and vegetable life, the atmosphere, bright with light, 
obscured by the storm-cloud, spanned by the rainbow, 
or rent with the explosions of electric fire, — attest to the 
might of these elementary bonds. 

These are but a few of the great phenomena which 
play their part around this globe of ours, exciting men 
to wonder, or shaksing them with terror. 

The mind of man, in its progress towards its higher 
'destiny, is tasked with the physical earth as a problem, 
which, within the limits of a life, it must struggle to 
solve. The intellectual spirit is capable of embracing 
all finite things. Man is gifted with powers for studying 
the entire circle of visible creation ; and he is equal, 
under proper training, to the task of examining much 
of the secret machinery which stirs the whole. 

In dim outshadowing, earth^s first poets, from the 
loveliness of external nature, evoked beautiful spirtuahza- 
tions. To them the shady forests teemed with aerial 
beings, — ^the gushing springs rejoiced in fantastic sprites, 
— the leaping cataracts gleamed with translucent shades, 
— ^the cavernous hills were the abodes of genii, — and the 
earth-girdling ocean was guarded by mysterious forms. 
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Such were the creai;ions of the far-searching mind in its 
early consciousness of the existence of unseen powers. 
The philosopher picked out his way through the dark 
and labyrinthine path, between effects and causes, and 
slowly approaching towards the light, he gathered 
semblances of the great Reality, like a mirage, beautiftd 
and truthful, although still but a cloud-reflection of the 
vast Unseen. 

It is thus that the human mind advances from the 
Ideal to the Real, and that the poet becomes the philo- 
sopher, and the philosopher rises into the poet ; but at 
the same time as we progress from fable to fact, much 
of the soul-sentiment which made the romantic holy, 
and gave a noble tone to every aspiration, is too 
frequently merged in a cheerless philosophy which clings 
to the earth, and reduces the mind to a mechanical 
condition, delighting in the accumulation of facts, re- 
gardless of the great laws by which these are regulated, 
and the harmony of all Telluric combinations secured. 
In science we find the elements of the most exalted 
poetry; and in the mysterious workings of the physical 
forces we discover connections with the illimitable world 
of thought, — in which mighty minds delight to try their 
powers, — as strangely complicated, and as marvellously 
ordered, as in the psychological phenomena which have, 
almost exclusively, been the objects of their studies. 

In the aspect of visible nature, with its wonderfiil 
diversity of form and its charm of colour, we find the 
Beautiful; and in the operations of these principles, 
which are ever active in producing and maintaining the 
existing conditions of matter, we discover the Sublime. 

The form and colour of a flower may excite our 
admiration; but when we come to examine all the 
phenomena which combine to produce that piece of 
symmetry and that lovely hue, — to learn the physio- 
logical arrangement of its structural parts, — the chemical 
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actions by whicli its woody fibre and, its juices are pro- 
duced, — and to investigate those laws by which is 
regulated the power to throw back the wlute sunbeam 
from its surface in coloured rays, — our admiration passes 
to the higher feeling of deep astonishment at the perfec- 
tion of the processes, and of reverence for their great 
Designer. There are, indeed, "tongues in trees /^ but 
/ science alone can interpret their mysterious whispers, 
i and in this consists its poetry. 

To rest content with the bare enunciation of a truth, 
is to perform but one half of a task. As each atom of 
matter is involved in an atmosphere of properties and 
powers, which imites it to every mass of the universe, so 
each truth, however common it may be, is surrounded 
by impulses which, being awakened, pass from soul to 
soul like musical undulations, and which will be repeated 
through the echoes of space, and prolonged for all 
eternity. 

The poetry which springs from the contemplation of 
the agencies which are actively employed in producing 
the transformation of matter, and which is founded upon 
the truths developed by the aids of science, should be in 
no respect inferior to that which has been inspired by 
the beauty of the individual forms of matter, and -the 
pleasing character of their combinations. 

The imaginative view of man and his world— the 
creations of the romantic mind — ^have been, and ever 
will be, dwelt on with a soul-absorbing passion. The 
mystery of our being, and the mystery of our ceasing to 
be, acting upon intelligences which are for ever striving 
to comprehend the enigma of themselves, leads by a 
natural process to a love for the Ideal. The discovery 
of those truths which advance the human mind towards 
that point of knowledge to which all its secret longings 
tend> should excite a higher feeling than any mere crea- 
tion of the fancy, how beautiful soever it may be. The 
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phenomena of Reality are more startling than the phan- 
toms of the Ideal. Truth is stranger than fiction. 
Surely many of the discoveries of science which relate to 
the combinations of matter, and exhibit results which 
we could not by any previous efforts of reasoning dare 
to reckon on, results which show the admirable balance 
of the forces of nature, and the might of their uncontrolled 
power, exhibit to our senses subjects for contemplation 
truly poetic in their character. 

We tremble when the thunder-cloud bursts in fiiry 
above our heads. The poet seizes on the terrors of the 
storm to add to the interest of his verse. Fancy paints 
a storm-king, and the genius of romance clothes his 
demons in lightnings, and they are heralded by thunders. 
These wild imaginings have been the dehght of man- 
kind ; there is subject for wonder in them : but is there 
anything less wonderful in the well-authenticated fact, 
the dew-drop which glistens on the flower, that the tear 
which trembles on the eye-lid, holds locked in its trans- 
parent cells an amount of electric fire equal to that 
which is discharged during a storm from a thunder- 
cloud ? 

In these studies of the effects which are continually 
presenting themselves to the observing eye, and of the 
phenomena of causes, as far as they are revealed by 
Science in its search of the physical earth, it will be 
shown that beneath the beautrftil vesture of the external 
world there exists, like its quickening soul, a pervading 
power, assuming the most varied aspects, giving to the 
whole its life and loveliness, and linking every portion 
of this material mass in a common bond with some great 
universal principle beyond our knowledge. Whether by 
the improvement of the powers of the human mind, 
man wiU ever be enabled to embrace within his know- 
ledge the laws which regulate these remote principles. 
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we are not sufficiently advanced in intelligence to de- 
termine. But if admitted even to a clear perception 
of the theoretical Power which we regard as regjdating 
the known forces, we must still see an unknown agency 
beyond us, which can only be referred to the Creator's 
wiU. 



THE 

POETKT OF SCIENCE. 



CHAPTER T. 

GENERAL CONDITIONS OP MATTER. 

Its vaiied Characters, and constant change of external Form^- 
The Grain of ]3ust, its Properties and Powers — Com- 
binations in inorganic Masses and in organized Crea- 
tions—Our knowledge of Matter — Theory of Ultimate 
Atoms — The Physical Forces acting on the Composition of 
Masses— The certainty of the exercise of subtile principles, 
which are beyond the reach of experimental Science. 

The Physical Eartli presents to us, in every form of 
organic and inorganic matter, aii infinite variety of 
phenomena. If we select specimens of rocks, either 
crystalline or stratified, — of metals in any of their 
various combinations with oxygen, sulphur, and other 
bodies, — of gems glistening with light and glowing with 
colour, — ^if we examine the varied forms and hues of the 
vegetable world, or the more mysterious animal crea- 
tions, we must inevitably come to the conclusion, long 
since proclaimed, and admit that dust they are, and to 
dust must they return. Whatever permanency may be 
given to matter, it is certain that its form is ever in a 
state of change. The surface of the " Eternal Hills'' 

B 
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is worn away by the soft rains which fall to fertilize, 
and from their wrecks, borne by the waters to the 
ocean, new continents are forming. The mutations of 
the old earth may be read upon her rocks and mo'ontains, 
and these records of former changes teU us the infallible 
truth, that as the present passes into the future, so will 
the form of Earth undergo an important alteration. 
The sam^ forces which lifted the Andes and the Hima- 
layas are still at work, and from the particles of matter 
carried from the present lands by the rivers into the sea, 
where they subside in stratified masses, there will, in 
the great future, be raised new worlds, upon which the 
work of life will go forward, and over which wiQ be 
spread a vast InteUigence. 

If we regard the conditions of the beautiful and varied 
organic covering of the Earth, the certainty, the con- 
stancy, of change is ever before us. Vegetable life 
passes into the animal form, and both perish to feed the 
ftiture plant. Man, movinjg to-day the monarch of a 
mighty people, in a few years passes back to his primi- 
tive clod, and that combination of elementary atoms, 
which is dignified with the circle of sovereignty and the 
robe of purple, after a period may be sought for in the 
herbage of the fields, or in the humble flowers of the 
valley. 

We have, then, this certain truth, — all things \dsible 

around us are but aggregations of atoms. From parti- 

^ cles of dust, which under the microscope could scarcely 

- be distinguished one from the other, are all the varied 

fpfms of nature created. This grain of dust, this particle 

of sand, has strange properties and powers. Science has 

discovered some truths, but still more are hidden within 

this irregular molecule of matter which we now survey, 

than have yet been shadowed in the dreams of our 

philosophy. How strangely it obeys the impulses of 

^*^eat — ^mysterious are the influences of light upon it — 

electricity wonderfully excites it — and still more curious 
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is the manner in which it obeys the magic of chemical 
force. These are phenomena which we have seen ; we 
know them, and we can reproduce them at our pleasure. 
We have advanced a little way into the secrets of nature, 
and from the spot we have gained, we look forward 
with a vision somewhat brightened by our task ; but we 
discover so much to be yet unknown, that we learn 
another truth, — our vast ignorance of many things 
relating to this grain of dust. 

It gathers around it other particles; they cling 
together, and each acting upon every other one, and afi 
of them arranging themselves around the little centre 
according to some law, a beautiftd crystal results, the 
geometric perfection of its form being a source of admi- 
ration. 

It exerts some other powers, and atom cohering to 
atom, obeying the influences of many external ra^ant 
forces, undergoes inexplicable changes, and the same 
dust which we find forming the diamond, aggregates 
into the lordly tree, — ^blends to produce the graceful, 
scented, and richly paLuted flower, — and combines to 
yield the luxury of fruit. 

It quickens with yet undiscovered energies ; it moves 
with life : dust is stirred by the mysterious excitement 
of vital force; and blood and bone, nerve and muscle, 
are the results. Forces, which we cannot by the utmost 
refinements of our philosophy detect, direct the whole, 
aud from the same dust which formed the rock and 
grew in the tree, is produced a Uving and a breathing 
thing, capable of receiving a Divine illumination, of 
beaniig in its new state the gladness and the glory of a 
Soul. 

These considerations lead us to reflect on the amount 
of our knowledge. We are led to ask ourselves, what 
do we know? We know that the world with all its 
variety is composed of certain material atoms, which, 
although presented to us in a great variety of forms, do 
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not in all probability differ very essentially from eacK 
other. 

We know that those atoms obey certain conditions 
which appear to be dependent upon the influences of 
motion, gravitation, heat, light, electricity, and chemical 
force. These powers are only known to us by then* 
effects; we only detect their action by their operations 
upon matter; and although we regard the several 
phenomena which we have discovered, as the manifesta- 
tions of different principles, it is possible they may be 
but modifications of some one universal power, of which 
these are but a few of its modes of action. 

In examining, therefore, the truths which science )ias 
revealed to us, it is advantageous, for the purpose of 
fixing the mind to the subject, that we assume certain 
conditions as true. These may be stated in a few sen- 
tences, and then, without wasting a thought upon those 
metaphysical subtleties which have from time to time 
perplexed science, and served to impede the progress of 
truth, we shall proceed to examine our knowledge of 
the phenomena which constantly occur around us. 

Every form, whether inorganic or organic, which we 
can discover within the limits of human search, is com- 
posed of atoms, which are capable of assuming, under 
the influence of certain physical forces, conditions essen- 
tial to the physical state of that body of which they 
constitute a part.* The known forces, active in pro- 

* Sir Isaac Newton supposed matter to consist of hard, 
impenetrable^ perfectly inelastic atoms. 

Boscovitcli regarded the constitution of matter differently. The 
ultimate atom was with him a point surrounded by powers of infi- 
nite elasticity. (See Dr. Robison's Mechanical Philosophy, for a 
full explanation of the theory of Boscovitch.) 

The view entertained by JDi". Faraday, which will be compre- 
hended from oDe or two short exti'acts from his valuable and 
suggestive paper, claims attention : — 

**If the view of the constitution of matter already referred to be 
assumed to be coiTect — and I may be allowed to speak of the 
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ducing these conditions, are modes of motion ; gravita- 
tion and aggregation, heat, light; and associated with 
these, actinism or chemical radiation ; electricity, under 
all its conditions, whether static or dynamic; and 
chemical affinity, regarded as the result of a separate 
elementary principle. 

These forces must be considered as powers capable of 
acting in perfect independence of each other. They are 
possibly modifications of one principle; but this view 
being an hypothesis, which, as yet, is only supported by 
loose analogies, cannot, without danger, be received in 
any explanation which attempts to deal only with the 
truths of science. 

We cannot examine the varied phenomena of nature, 
without feeling that there must be other and most active 
principles of a higher order than any detected by science, 

particles of matter, and the space between tliom (in water, or in 
the vapour of water, for instance), as two different things — the 
^ace must be taken as the only continuous pai*t, for the particles 
are considered as separated by space from each other. Space will 
permeate all masses of matter in every dh*ection like a net, except 
that in the place of meshes it will form cells, isolating each atom 
•from its neighbours, and itself only being continuous." 

Examining the question of the conducting power of different 
bodies, and observing that as space is the only continuous part, 
80 space, according to the received view of matter, must be at one 
time a conductor, at others a non-conductor, it is remarked : 

"It would seem, therefore, that, in accepting the ordinary 
atomic theoir, space may be proved to be a non-conductor in non- 
•conducting bodies, and a conductor in conducting bodies ; but 
the reasoning ends in this — a subversion of that theory altogether ; 
for, if space be an insulator, it cannot exist in conducting bodies ; 
and if it be a conductor, it cannot exist in insulating bodies.** — 
A Speculation touching EUetric Conduction, and the Nature of 
Matter : by Michael Faraday, D.C.L., F.R..S., <fcc. : Philosophical 
Magazine, vol. xxiv. Third Series. 

&B also WoUaston, On the Finite Extent of the Atmosphere, — 
Phil. Trans. 1822. Young, On the Essential Properties of 
Matter. — ^Lectures on Natural Philosophy. Mossotti, On Molecular 
Action, — Scientific Memoirs, vol. i. p. 448. 
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to which belong the important operations of vitality,, 
whether manifested in the plant or the animal. In 
treating of these, although speculation cannot be entirely 
avoided, it will be employed only so far as it gives any 
assistance in linking phenomena together. 

We have to deal with the active agencies which give 
form and feature to nature — ^which regulate the harmony 
and beauty and vigour of life — and upon which depend 
those grand changes in the conditions of matter, whick 
must convince us that death is but the commencement: 
of a new state of being. 
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CHAPTER II. 

MOTION. 

\ 

Are the Physical Forces modes of Motion? — Motion defined — 
Philosophical Views of Motion, and the Principles to which 
it has been referred — Motions of the Earth and of the Solar 
System — Visible Proofs of the Earth's Motion on its Axis — 
Influence of the proper Motions of the Earth on the Condi 
tions of Matter — Theory of the Conversiqn of Motion into 
Heat, &c. — The Physical Forces regarded as principles inde- 
pendent of Motion, although the Cause and often apparently 
the Effects of it. 

Many of the most eminent thinkers of the present time 
are disposed to regard all the active principles of nature 
as ''modes of motion/^ — ^to look npon lights heat, elec- 
tricity, and even vital force, as phenomenajesulting from 
"chaSage of place^^ among the particles of matter; this 
change, disturbance, or motion, being dependent upon 
some undefined mover.* 

The habit of leaving purely inductive examination for 
the delusive charms of hypothesis — of viewing the 

* '^ Motion, therefore, is a change of rectilinear distance between 
two points. Allowing the acciuracy of this definition, it appears 
that two points are necessary to constitute motion ; that in all 
cases, when we are inquiring whether or no any body or point is 
in motion, we must recur to some other point which we can com- 
pare with it ; and that if a single atom existed alone in the universe, 
it could neither be said to be in motion nor at rest. 

" The space which we call quiescent is in general the earth's 
surface ; yet we well know, from astronomical considerations, that 
every point of the earth's surface is perpetually in motion, and tJiat 
in very various directions : nor are any material objects accessible 
to our senses which we can consider as absolutely motionless, or 
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material world as a metaphysical bundle of essential 
properties, and nothing more — ^has led some eminent 
philosophers to struggle with the task of proving that 
all the wonderful manifestations of the great physical 
powers of the universe are but modifications of motion, 
without the evidence of any antecedent force.* 

The views of metaphyscians regarding motion involve 
many4&ubtle considerations which need not at present 
detain us. We can only consider motion as a change of 
place in a given mass of matter. Now matter cannot 
effect this of itself, no change of place being possible 
without a mover ; and, consequently, motion cannot be 
K property of matter, in the strict sense in which that 
term should be accepted.f 

even as motionless with regard to eacli other ; since the continual 
variation of temperature to which all bodies are liable, and the 
minute agitations arising from the motion of other bodies with 
which they are connected, will always tend to produce some im- 
perceptible changes in their distances." — Lectures on Natural 
Philosophy, Sfc.y by Thomas Young, M.D. Edited bv the Rev. P. 
Kelland. 1845. 

* " The position which I seek to establish in this essay is, that 
the vaiious imponderable agencies, or the affections of matter 
which constitute the main objects of experimental physics, viz., 
heat, light, electricity, magnetism, chemical affinity, and motion, 
are all correlative, or have a reciprocal dependence ;— that neither, 
taken abstractedly, can be said to be the essential or proximate 
cause of the others ; but that either may, as a force, proauce, or bo 
convertible into, the other : — thus heat may mediately or imme- 
diately produce electricity, electricity may produce heat, and so of 
the rest. . . . Although strongly inclined to believe that the 
five other affections of matter, which I have above named, are, and 
will ultimately be, resolved into modes of motion, it would bo 
going too far at present to assume their identity with it : I, there- 
ibi-e ase the term force, in i*eference to them, as meaning that 
active force inseparable from matter, which induces its various 
changes."— 0» the Correlation of Physical Forces, IjyW. R. Grove, 
Esq., M.A., F.R.S. 

t When discussing tiie hypothesis of Rohhes— that no body can 
possibly be moved but by a body contiguous and moved— -Boyh asks :— 
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Motion depends upon certain' external disturbing and 
directing forces acting upon all matter; and, conse- 
quently, as every mode of action is determined by some 
excitement external to the body moved, motion cannot, 
philosophically, be regarded otherwise than as a pecu- 
liar affection of matter under determinable conditions. 
"We find,^^ says Sir Isaac Newton, "but little motion 
in the world, except what plainly flows from either the 
active principles of nature, or from the command of the 
wilier/^* 

" I demand how there comes to bo local motion in the world ? 
For either all the portions of matter that compose the universe 
have motion belonging to their natures, which the Ejjicureans 
affirmed for their atoms, or some parts of matter have this motive 
power, and some have not, or else none of them have it ; but all 
of them are naturally devoid of motion. If it be granted that 
motion does naturally belong to all parts of matter, the dispute is 
at an end, the concession quite overthrowing the hypothesis. 

" If Mr, Hobbes should reply that the motion is impressed 
upon any of the parts of matter by God, he will say that which 
I most readily grant to be true, but will not serve his turn, if he 
would speak congruously with his own hypothesis. For I demand 
whether this Supreme Being that the assertion has recourse to, be 
a corporeal or an incorporeal substance ? If it be the latter, and 
yet the efficient cause of motion in bodies, then it will not be uni- 
versally true that whatever body is moved is so by a body conti- 
gaous and moved. For, in our supposition, the bodies that God 
moves, either immediately or by the intervention of any other 
immaterial being, are tiot moved by a body contiguous, but by an 
incorporeal spirit." — Some Considerations about the Recondleable- 
ness qf Reason and Religion : Boyle, vol. iii. p. 520. 

* Boyle has some ingenious speculations on this point : — 

" That there is local motion in many parts of matter is manifest 
to sense, but how matter came by this motion was of old, and is 
still, hotly disputed of: for the ancient Corpuscularian philoso- 
phers (whose doctrine in most other points, though not in all, we 
are the most inclinable to), not acknowledging an author of the 
universe, were thereby reduced to make motion congenite to 
matter, and consequently coeval with it. But since local motion, 
or an endeavour at it, is not included in the nature of matter, 
which is as much matter when it rests as when it moves ; and 
since we 'see that the same portion of matter may from motion be 
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Plato, Aristotle, and the Pythagoreans, supposed that 
throughout all nature an active principle was diflpused, 
upon which depended all the properties exhibited by 
lual^r. This is the same as the " plastic nature ^^ of 
Cudworth,* the "intellectual and artificial fire^^ of 
Bishop Berkeley ;t and to these all modes of motion 
were referred. Sir Isaac Newton also regards the 

reduced to rest, and after it hath continued at rest, so long as other 
bodies do not put it out of that state, may by external agents be 
set a moving again ; I, who am not wont to tlunk a man the worse 
naturalist for not being an atheist, shall not scruple to say with an 
eminent philosopher of old, whom I find to have proposed among 
the Greeks that opinion (for the main) that the excellent Des Cartes 
has revived amongst us, that the origin of motion in matter is 
from God; and not only so, but that thinking it very unfit to be 
believed, that matter barely put into motion, and then left to 
itself, should casually constitute this beautiful and orderly world ; 
I think also further, that the wise Author of things did, by estab- 
lishing the laws of motion among bodies, and by guiding the fii'st 
motions of the small parts of matter, bring them to convene after 
the manner requisite to compose the world ; and especially did 
contrive those curious and elaborate engines, the bodies of living 
creatures, endowing most of them with the power of propagating 
their species." — Cmuiderations and Experiments touching the Origin 
of Forms and Qualities: Boyle^s Works, vol. ii. p. 460. Edin- 
buigh. 1744. 

* Cudworth's Intellectual System. 

t " According to the Pythagoreans and Platonists, there is a 
life infused throughout all things ... an intellectual and 
artificial fire — an inward principle, animal spirit, or natural life, 
producing or forming within, as art doth without — ^regulating, 
moderating, and reconciling the various motions, qualities, and 
parts of the mundane system. By virtue of this life, the great 
masses are held together in their ordinaiy courses, as well as the 
minutest particles governed in their natural motions, according to 
the several laws of attraction, gravity, electricity, magnetism, and 
the rest. It is thia gives instincts, teaches the spider her web, and 
the bee her honey; — this it is that directs the roots of plants to 
draw forth juice from the earth, and the leaves and the cortical 
vessels to separate and attract such particles of air and elemen- 
tary fire as suit their respective natures."— Bishop Berkeley, Siris,. 
No. 277. 
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material universe and its phenomena as dependent upon 
^^ active principles'' — ^for instance, the cause of gravity — 
whereby the planets and comets preserve their motions 
in their orbits, and all bodies acquire a degree of motion 
in falling ; and the cause of fomentation — whereby the 
heart and blood of animals preserve a perpetual warmth 
and motion — ^the umer parts of the earth are kept con- 
stantly warmed — ^many bodies bum and shine — ^and the 
son himself bums and shines, and with his light warms 
and cheers all things/^ 

The earth turns on its axis at the rate of more than 
l^OOO mUes an hour, and passes around the sim with 
the speed of upwards of 68,000 miles in the same time.* 
The earth and the other planets of our system move in 
eOqpses around a common centre : therefore their motion 
cannot have been originally communicated merely by 
the impressed force of projection. Two forces, at least,. 
nnist have operated, one making the planets tend 
directly to the centre^ and the other impelling them to 
9j off at a tangent to the curve described. Here we 
have a system of spheres, held by some power to a great 
central mass, around which they revolve with a fearful 
Telocity. Nor is this all; the Solar System itself, 
faoand by the same mystic chain to an undiscovered 
eaitre, moves towards a point in space at the rate of 
88,550^000 geographical miles, whilst our earth per— 
bnDS one revolution around the sun.t 

♦ •* The revolution of the earth is performed in a natural day^ 
fl^ mare strictly speaking, once in 23h. 56^ 4f\ and as its mean 
cnemnference is 24,871 miles, it follows that any point in its equa- 
tDoal surface has a rotatory motion of more than 1 ,000 miles per 
hoax. This velocity must graduaUy diminish to nothing at either 
fole. Whilst the earth is thus revolving on its axis, it has a pro- 
giMBtve motion in its orhit. K we take the length of the earth's 
oibit at 630,000,000, its motion through space must exceed 68,490 
Wales in the hour/' — Enc. Brit. art. Physical Geography, 

f •*Here then we have the splendid result of the united studies 
of MM. Argelander, 0. Struve, and Peters, grounded on obsenra- 
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The evidence of the motion of the Earth around its 
axis, as afforded by the swinging of a pendulum or the, 
rotation of a sphere, is too interesting to be omitted. 
In mechanical philosophy, we have two terms of the 
same general meaning — ^the conservation of the plane of 
vibration— and the conservation of the axis of rotation. 
For the non-scientific reader, these terms require 
explanation, and in endeavouring to simplify this as 
much as possible, we must ask the indulgence of the 
Mechanical Philosopher. Let us fix in the centre of a 
small roimd table an upright rod, having an arm ex- 
tending from its top, to which we can suspend a tolerably, 
heavy weight attached to a string. This is our piece of 
apparatus: upon the table draw a chalk line, along 
which line we intend our pendulum to swing, and con- 
tinuing this line upon the floor, or by a mark on the 
wall, our arrangements are complete. Raise steadily 
the bob of our pendulimi, and set it free, so that its 
plane of vibration is along the line which has been 
marked. As the pendulum is swinging firmly along 
this line, slowly and steadily turn the table round. It 

tions made at the three observatories of Dorpat, Abo, Pulkova, 
and which is expressed in the following thesis: — The motion of 
the solar system in space is directed to a point of the celestial 
vault situated on the right line which joins the two stars tt and ft 
Herculist at a quarter of the apparent distance of these stars, 
reckoning from w Herculis. The velocity of chis motion is such, 
that the sun, with all the bodies which depend upon it, advances 
annually in the above direction 1-623 times the radius of the 
earth's orbit, or 33,550,000 geographical miles. The possible 
en-or of this last number amounts to 1,733,000 geographical miles, 
or to a seventh of the whole value. We may then wager 400,000 
to 1 that the^ sun has a proper progressive motion, and 1 to 1 that 
it is comprised between the limits of thirty-eight and twenty-nine 
millions of geographical miles." — Etudes dAstronomie Stellaire : 
Sur la Vote Lactee et sur Us Distances des Etoiles Fixes : M. F. 
W. G. Struve. [A report addressed to his Excellency M. Le 
Comte Ouvaroff, Minister of Public Instruction and President of 
ihe Imperial Academy of Sciences at St. Petersburg.] 
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-will then be seen that the pendulum will still vibrate in the 
direction of the line we have continued onward to the wall, 
but that the line on the table is gradually withdrawn 
from it. If we had no upright, we might turn the table 
entirely round, without in the slightest degree altering 
the line along which the pendulum performs its oscilla- 
tions. Now, if from some elevated spot, say, from the 
centre of the dome of St. Paulas, a long and heavy pen- 
dulum is suspended, and if on the floor we mark the line 
along which we set the pendulum free to vibrate, it will 
be seen, as in the experiment with the table, that the 
marked line moves away from under the pendulum. It 
continues to vibrate in the plane it first described, 
although the line on the earth^s surface continues to 
move forward by the diurnal rotation aroxmd the axis. 
Similar to this is the law of the conservation of the axis 
of rotation. If a common humming-top, the spindle of 
which is its axis of rotation, is set spinniug obhquely, it 
will be seen that the axis will continue to point along 
the line it took at the commencement of motion. 
By placing a heavy sphere in a lathe, resting its project- 
ing axial points on some moveable bearings, and then 
getting the sphere into extremely rapid motion, one of the 
bearings may be removed without the mass. falling to 
the ground. The rapidity of motion changes so con- 
stantiy and quickly the position of the particles which 
have a tendency to fall, that we have motion balanced 
against the force of gravitation in a striking manner ; 
and we learn, from this experiment, the explanation 
of the planetary and steUar masses revolving on their 
axis at a speed sufficient to maintain them without sup- 
port in space. A mass of matter, a sphere or a disc, 
careftiUy balanced, is fixed in gymbals such as we employ 
for fixing our compass needles, and it is set by some 
mechanical contrivance in rapid rotation. The position 
of the axis of rotation remains unaltered, although the 
earth is moving; and thus, by this instrument, — called the 
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gyroscope, — ^we can determine, as with the pendulum, the 
motion of the earth around its axis; and we learn why, 
during its movement around the sun, its axis is unde- 
viatingly pointed towards one point in space, marked in 
our Heavens as the Polar Star. 

In addition to these great rotations, the earth is sub- 
jected to other motions, as the precession of the equi- 
noxes and the nutation of its axis. Rocking r^ularly 
upon a point round which it rapidly revolves, whilst it 
pr(^esses onward in its orbit, hke some huge top in 
tremulous gyration upon the deck of a vast aerial ship 
ghding rapidly through space, is the earth performing 
its part in the great law of motion. 

The rapidity of these impulses, supposing the powers 
of the physical forces were for a moment suspended, 
would be sufficient to scatter the mass of bur planet 
over space as a mere star-dust. 

Limiting, as much as possible, the view which opens 
upon the mind as we contemplate the adjustments by 
which this great machine, our system, is preserved in aU 
its order and beauty, let us forget the great movement 
of the whole through space, and endeavour to consider 
the effect of those motions which are directly related to 
the earth, as a member of one small group of worlds. 

We cannot for a moment doubt, althoi^h we have not 
any experimental proof of the fact, that the proper 
motions of the earth materially influence the conditions 
of the matter of which it is formed. Every pair of 
atoms is, like a balance, delicately suspended, under 
the constant stru^le which arises from the tendency to 
fly asunder, induced by one order of forces — centrifugal 
force — and the efforts of others, gravitation and cohe- 
sion, to chain them together. The spring is brought to 
the highest state of tension— one tremor more, and it 
would be destroyed. 

We cannot, by any comparison with the labours of 
4the most skilftd human artisan, convey an idea of the 
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-exquisite perfection of planetary mechanics, even so far 
as they have been discovered by the labours of science ; 
and we must admit that our insight into the vast 
machinery has been very limited. 

All we know is the fact that this planet moves in a 
certain order, and at a fixed rate, and that the speed is 
of itself sufScient to rend the hardest rocks ; yet the 
delicate down which rests so lightly upon the flower is 
undisturbed. It is, therefore, evident that matter is 
endued with powers, by which mass is bound to mass, 
and atom to atom ; these powers are not the results of 
any of the motions which we have examined, but, 
acting in antagonism to them, they sustain our globe in 
its present form. 

Are there other motions to which these powers can be 
referred ? We know of none. That absolute rest may 
not exist among the particles of matter is probable. 
Electrical action, chemical power, crystalline aggrega- 
tion, the expansive force of heat, and many other known 
agencies, are in constant operation to prevent it. It 
must, however, be remembered, that each and every 
atom constituting a mass may be so suspended between 
the balanced forces, that it may be regarded as relatively 
at rest. 

Thoory imagines Motion as producing Force — a body 
is moved, and its mere mechanical change of place is 
regarded as generating heat ; and hence the refinements 
of modem science have advanced to the conclusion that 
motion and heat are convertible. Admitting that the 
material atoms of which this world is formed are never 
in a state of quiescence, yet we cannot suppose any gross 
ponderable particle as capable of moving itself; but 
once set in motion, it may become the secondary cause 
of motion in other particles.* The difficulties of the 

* " The first great agent which the analysis of natural pheno- 
mona offers to otir consideration, more frequently and prominently 
than any other, is force. Its effects are either, 1st, to counteract 
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case would appear to have been as follows : — Are heat, 
light, electricity, &c., material bodies? If they are 
material bodies — ^and heat, for example, is the cause of 
motion — must not the calorific matter move itself — or if 
it be not self-moving, by what is it moved ? K heat is 
material, and the primary cause of motion, then matter 
must have an innate power of moving ; it can convert 
itself into active force, or be at once a cause and an 
effect, which can scarcely be regarded as a logical 
deduction. 

We move a particle of matter, and heat is manifested ; 
the force being continued, Hght, electricity, and chemi- 
cal action result ; all, as appears from a limited view of 

the exertion of opposing force, and thereby to maintain equilibrium ; 
or, 2ndly, to produce motion in matter, 

*' Matter, or that whatever it be of which all the objects in nature 
which manifest themselves directly to our senses consist, presents 
us with two general qualities, which at first sight appear to 
stand in contradiction to each other — activity and inertness. 
Its activity is proved by its power of spontaneously setting other 
matter in motion, and of itself obeying their mutual impulse, 
and moving under the influence of its own and other force ; 
inertness, in refusing to move imless obliged to do so by a force 
impressed externally, or mutually exerted between itself and 
other matter, and by persisting in its state of motion or rest 
unless disturbed by some external cause. Yet, in reality, this 
conti'adiction is only apparent. Force being the cause, and 
motion the effect produced by it on matter, to say that matter is 
inert, or has inertia, as it is termed, is only to say that the cause 
is expended in producing its effect, and that the same cause 
cannot (without renewal) produce double or triple its own proper 
effect. In this point of view, equilibrium may oe conceived as a 
continual production of two opposite effects, each undoing at 
every instant what the other has done,"? — See continuation of 
the argument in Herschets Discourse on the Study of Natural 
Philosophy, page 223. 

In the Edinburgh New Philosophical Journal, vol. xlv., will be 
found a paper by Dr Robert Brown — ** Of the sources of motions 
upon the Earth, and of the means by which they are sustained," 
which will well repay an attentive perusal, as pointing to a class 
of investigation of the highest order, and containing deductions of 
the most philosophic description. 
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the phenomiena, arising out of the mechanical force 
applied to the particle first moved.* This mechanical 
force, it must be remembered, is external to the body 
moved, and is, in all probability, set up by the move- 
ment of a muscle, acted upon by nerves, under the 
influence of a will. 

The series of phenomena we have supposed to arise 
admit of an explanation free of the hypothesis of motion, 
and we avoid the dangerous ground of metaphysical 
speculation, and the subtleties of that logic which rests 
upon the immateriahty of all creation. This explanation, it 
is freely admitted, is incomplete : we cannot distinctly 
correlate each featiu^ of the phenomena, combine link 
to link, and thus form a perfect chain ; but it is suffi- 
ciently clear to exhibit what we do know, and leave the 
nnknown free for imbiassed investigation. 

Each particle, each atom of that which conveys to our 
senses the only ideas we have of natural objects — ^pon- 
derable matter — ^is involved in, or interpenetrated by, 
those principles which we call heat and electricity, with 
probably many others which are unknown to us ; and 
although these principles or powers are, according to 
some law, bound in statical equilibrium to inert matter, 
they are freely developed by an external excitement, and 
the disturbance of any one of them, upsetting the equili- 
brium, leaves the other power equally free to be brought 
under the cognizance of human sense by their effects. 

When we come to an examination of the influences 
exerted by these powers upon the physical earth, the 
position, thai they must be regarded as the causes of 
motion rather than the effects of it, will be further con- 
sidered. At present it is only necessary to state thus 

* Friction, it is well known, generates heat; by rapidly rubbing 
two sticks together, the Indian produces their ignition; heat and 
Hgbt being both manifested. Under every mschanical disturb^ 
»nce electrical changes can be detected, and the action of heat in 
Uie combustion of the wood is a chemical phenomenon. 

c 
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generally the views we entertain of the conditions .of 
matter in connection with the imponderable forces and 
mechanical powers. The conversion, as it has been 
called, of motion into heat, in the experiments of Cotint 
Rumford and Mr. Joule,* are only evidences that a 

* .Count Ruinford'9 experiment consisted in placing a mass of 
metal in a box of water at a known temperature, and, by employ- 
ing a boring apparatus, ascertaining carefully the increase of 
beat aft«r a given number of revolutrons. He thus describes bis 
most satisfactory experiment : — 

"Everything being ready, I proceeded to make the experi- 
ment I had projected, in the following manner. The hollow 
cylinder having been previously cleaned out, and the inside of 
its bore wiped with a clean towel till it was quite dry, the square 
ii'on bar, with the blunt steel borer fixed to the end of it, was 
put into its place ; the mouth of the bore of the cylinder being 
closed at the same time by means of the circular piston through 
the centre of which the iron bar passed. 

" This being done, the box was put in its place ; and the join- 
ings of the iron rod, and of the neck of the cylinder with the 
two ends of the box, having been made water-tight, by means of 
collars of oiled leather, the box was filled with cold water (viz., at 
the temperature of 60°) and the machine was put in motion. The 
result of this beautiful experiment was very sticking, and the 
pleasure it afforded me amply repaid me for all the trouble I had 
had, in contriving and arranging the complicated machinery used 
in making it. The cylinder, revolving at the rate of about thirty- 
two times in a minute, had been in motion but a short time, when 
I perceived, by putting my hand into the water and touching the 
outside of the cylinder, that heat was generated, and it was not 
long before the water which surrounded the cylinder began to be 
sensibly warm. At the end of one hour, I found, by plunging 
a thermometer into the water in the box (the quantity of which 
fluid amounted to 18-77 lbs. avoirdupois, or 2 J wine gallons), 
that its temperatm*e had been raised no less than 47^; being 
now 107o of Fahrenheit's scale. When thirty minutes more 
had elapsed, or one hour and thirty minutes after the machinery 
had been put in motion, the heat of the water in the box was 
142°. At the end of two hours, reckoning from the beginning 
of the experiment, the temperatui-e of the water was found to be 
raised to 1 78°. At two houra twenty minutes it was at 200° ; 
and at two hours thirty minutes it actually boiled" — Inquiry 
eoncetming the Source of the Heat excited by Friction : Philosophi- 
ciJ Transactions, vol. Ixxxviii. a.d. 1798. 



PJlOFEaTIES AND FOWER8, 19 

oertain tiniformity exists between the mechanical force 
applied^ and the amount of heat liberated. It does not 
appear that we have any proof of the conversion of 
motion into physical power. 

It is necessary, to a satisfactory contemplation of the 
wonderfdl properties of matter, and of the forces regu- 
lating the forms of the entire creation, that we should 
be content with regarding the elementary bodies wBich 
chemistry instructs us form our globe, as tangible, pon- 
derable atoms, having specific and distinguishing pro- 
perties. That we should, as far as it is possible for 

" Mr. Joule brought a communication on the same subject hefore 
the British Association at Gamhridge, whicli was afterwards 
published in the Philosophical Magazine, and from that journal 
the following notices are extracted :— 

" The apparatus exhibited before the Association consisted of 
a brass paddle-wheel, working horizontally in a can of water. 
Motion could be communicated to this paddle by means of 
weights, pulleys, &c. The paddle moved with great resistance 
in the can of water, so that the weights (each of four pounds) 
descended at the slow rate of about one foot per second. The 
height of the pulleys from the ground was twelve yards, and 
consequently when the weights had descended through that dis- 
tance they had to be wound up again in order to renew the 
motion of the paddle. After this operation had been repeated 
sixteen times, the increase of the temperature of the water was 
iseertained by means of a very sensible and accurate thermometer. 

** A series of nine experiments was performed in the above 
manner, and nine experiments were made in order to eliminate 
the cooling or heating effects of the atmosphere. After reducing 
the result to the capacity for heat of a pound of water, it ap- 
peared that for each degree of heat evolved by the friction of 
water, a mechanical power equal to that which can raise a weight 
of 890 lbs. to the height of one foot, had been expended. 

" Any of your readers who are so fortunate as to reside amid 
•the romantic scenery of Wales or Scotland could, I doubt not, 
confirm my experiments by trying the temperature of the water 
at the top and at the bottom of a cascade. If my views be cor^ 
lect, a fail of 817 feet will of course generate one degree of heat, 
and the temperature of the river Niagara will be raised about 
one fifth of a degree by its fall of 100 feet."— He/a^'on between 
HMtf amd Mechanical Power: Philosoph. Mag voL xxrii, 18^5^ 
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finite minds to do so, endeavour to conceive the powers- 
or forces — gravitation, molecular attraction, electricity, 
heat, light, and the principle which determines all 
chemical phenomena — as manifestations of agencies 
which hold a place between the most subtile form of 
matter and the hidden principles of vitality, which is still 
vastly inferior to the spiritual state, which reveals itself 
dimly in psychological phenomena, and arrives at its 
sublimity in the God of the universe. 
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CHAPTER IIL 

GRAVITATION. 

The Fonns of Matter — Shape of the Earth — Prohability of the 
Mass forming this Planet having existed in a Nebulous State 
— Zodiacal Lights— Comets— Volatilization of Solid Matter 
by Artificial means — The principle of Gravitation— Its Influ- 
ence through Space and within the smallest Limits — Gravi- 
tating powers of the Planets — Density of the Earth — Cer- 
tainty of Newton*s Law of the Inverse Square — Discovery of 
Neptune — State of a Body relieved from Gravitation — Expe- 
riment explaining Saturn's Eing, &c. — General inference. 

liBT US suppose tlie eartli — consisting of three conditions 
of matter ; the solid, the fluid, and the aeriform — to be 
•act free from that power by which it is retained in its 
present form of a spheroid flattened at the poles, but 
still subject to the influences of its diurnal and annual 
rotations. Agreeably to the law which r^ulates the 
•ccmditions of all bodies moving at high velocities, the 
consequence of such a state of things would be, that our 
planet would instantly spread itself over an enormous 
area. The waters and even the solid masses of this 
globe would, in aU probability, present themselves amidst 
the other phenomena of space in a highly attenuated 
«tate, revolving in an orbit around the sun, as a band of 
nebulous matter, which might sometimes be rendered 
sensible to sight by still reflecting solar light, or by 
condensation in the form of flights of shooting stars.* 

* Three hypotheses may be used to account for this most curious 
phenomenon. 

Ist. The body shines by its own light, and then explodes like a 
sky-rocket, breaking into minute fragments too small to be any 
longer visible to the naked eye. 

2nd. Such a body, having shone by its own light, suddenly 
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This may be illustrated by experiment. If upon a 
rapidly revolving disc we place a ball of dust, it mil be 
almost immediately spread out, and its particles will 
arrange themselves in a series of regular curves, varying 

ceases to be luminous. " The falling stars and other fiery raeteoi's 
which are frequently seen at a considerable height in the atmos 
phere, and which have received different names according to tbe 
variety of their figure and size, arise from the fermentatioii of the 
effluvia of acid and alkaline bodies which fioat in the atmosphere. 
When the more subtile parts of the effluvia are burned away, the 
viscous and earthy parts become too heavy for the air to support, 
and by their gravity fall to the earth." — Keith's Use of the Globes. 
According to Sir Humphry Davy, in the Philosophical Transac- 
tions for 1847, " tlie luminous appearances of shooting stai-s and 
meteors cannot be owing to any inflammation of elastic fluids, but 
must depend upon the ignition* of solid bodies." 

3. The body shines by the reflected light of the sun, and ceases 
to be visible by its passing into the earth^s shadow, or, in other 
words, is eclipsed. Upon the two former suppositions the fact of 
the stars disappearance conveys to u& no knowledge of its position, 
or of its distance from the earth ; and all that can be said is, that 
if it be a satellite of the earth, the great rapidity of its motion in- 
volves the necessity of its being at no great distance from the earth's 
surface — much nearer than the moon ; while the resistance it 
would encounter in traversing the air would be so great that it is 
probably without the limits of our atmosphere. Sir J, W, Lub- 
bock leans to the third hypothesis. — Sir J. W. Lubbock, On Shoot- 
ing Stars: Phil. Mag. No. 213, p. 81. 

Sir J. Lubbock also published a supplementary paper on the 
same subject, in No. 214, p. 170. 

Mr. J. T. Joule entertains an hypothesis with respect to Shooting 
Stars similar to that advocated by Chladni to accoimt for meteoric 
stones, and he reckons the ignition of these miniature planetary 
bodies by their violent collision with our atmosphere, to be a re- 
markable illustration of the doctriiie of the equivalency of heat to* 
mechanical power, or vis viva. 

If we suppose a meteoric stone of the size of a six-inch cube to 
enter our atmosphere at the rate of eighteen miles per second of 
time, the atmosphere being yi^ of its density at the earth's surface, 
the resistance olTered to the motion of the stone will in this case 
be at least 51 ,600 lbs. ; and if the stone traverse twenty miles with 
this amount of resistance, sufficient heat will thereby be developed? 
to give r Fahrenheit to 0,907,980 lbs. of water.. Of course by far 
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with the velocity of the motion. In addition to the dis- 
integration which would arise from the tendency of the 
atoms to fly from the centre^ the motion, in space, of 
the planetary mass would naturally occasion a trailing 
out, and the only degree of uniformity which this orb 
could, under these imaginary conditions, possibly pre- 
sent, would be derived from the combined eflFects of 
motions in different directions. 

Amid the remoter stars, some remarkable cloud-like 
appearances are discovered. These nebulae, presenting 
to the eye of the observer only a gleaming light, as from 
some phosphorescent vapour, were long regarded as 
indications of such a condition as that which we have 
just been considering. Astronomers saw, in those mys- 
terious nebulae, a confirmation of their views, which 
regarded all the orbs of the firmament as having once 
been thin sheets of vapour, which had gradually, from 
iiT^ular bodies traversing space, been slowly condensed 
about a centre, and brought within the limits of aggre- 
gating agencies, untU, after the lapse of ages, they 
become sphered stars, moving in harmony amid the 
bright host of heaven.* Geologists seized on those 

the largest portion of this heat will be given to the displaced air, 
every particle of which will sustain the shock, whilst only the sur- 
face 01 the stone will he in violent collision with the atmosphere. 
Hence the stone may he considered as placed in a blast of intensely 
heated air, the heat being communicated from the surface to the 
centre by conduction. Only a small portion of the heat evolved 
will therefore he received by the stone ; but if we estimate it at 
only y^ it will still be equal to 1° Fahrenheit per 60,679 lbs. of 
water, a quantity quite equal to the melting and dissipation of any 
materials of which it may be composed. — Mr, J. P. Joule, On Shoot- 
mg Stars: Phil. Mag. No. 216, p. 348. 

• " Laplace conjectures that in the original condition of the solar 
system, the sun revolved upon his axis, surrounded by an atmos- 
phere which, in virtue of an excessive heat, extended far beyond 
the orbits of all the planets, the planets as yet having no existence. 
The heat gradually diminished, and as the solar atmosphere con- 
tracted by cooling, the rapidity of its rotation increased by the laws 
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views with eagerness, as confirming theoretical conclu- 
sions deduced from an examination of the structure of 
the earth, itself, and explained by them the gradual 
accretion of atoms into crystalline rocks from a cooling 
mass. 

of rotatory motion ; and an exterior zone of yapour was detached 
from the rest, the centrcil attraction being no longer able to over- 
come the increased centrifugal force. This zone of vapour might 
in some cases retain its form, as we see it in Saturn's ring; but 
more usually the ring of vapour would break into several masses, 
and these would generally coalesce into one mass, which would re- 
volve about the sun." — ^Whewell's Bridgewater Treatise. 

The following passage is translated by the same author from 
Laplace: — 

'* The anterior state (a state of cloudy brightness) was itself pre- 
ceded by other states, in which the nebulous matter was more and 
more diffuse, the nucleus being less and less luminous. We arrive 
in this manner at a nebulosity so diffuse, that its existence could 
scarce be suspected. Such is in fact the first state of the nebula 
which Herschel carefully observed by means of his telescope." 

Sir William Herschel has the following observations on these 
remarkable masses : — 

" The nature of planetary nebulae, which has hitherto been in- 
volved in much darkness, may now be explained with some degree 
of satisfaction, since the unifonn and very considerable brightness 
of their apparent disc accords remarkably well with a much con- 
densed, luminous fluid; whereas, to suppose them to consist of 
clustering stars will not so completely account for the milkiness or 
soft tint of their light, to produce which it would be required that 
the condensation of the stars should be carried to an almost incon- 
ceivable degree of accumulation. 

" How far the light that is perpetually emitted from millions of 
Sims may be concerned in this shining fluid, it might be presump- 
tuous to attempt to determine; but notwithstanding the incon- 
ceivable subtilty of the particles of light, when the number of the 
emitting bodies is almost infinitely great, and the time of the con- 
tinual emission indefinitely long, the quantity of emitted particles 
may well become adequate to the constitution of a shining fluid or 
luminous matter, provided a cause can be found that may retain 
them from^ytfi^ off, or reunite them.** — Observations on Nehukms 
Stars: Philosophicai Transactions, vol, Ixxxi. a.d. 1791. 

In addition, the following Memoirs on the same subject, by Sir 
William Herschel, have been published in the Philosophical Trans- 
actions:— Cn/afoytM of 1000 Nebnke and Chuters of Stars, toL 
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The researches of modem astronomers, aided hy the 
mi^ificent instruments of Lord Rosse,* have, however, 
shown that many of the most remarkable nebulae are 
only clusters of stars ; so remote from us, that the light 
fifom them appears blended into one diffused sheet or 
luminous film. There are, however, the Magellanic 
clouds, and other singular patches of light, exhibiting 
changes which can only be explained on the theory of 
their slow condensation. There is no evidence to dis- 
prove the position that world-formation may still be 
going on; that a slow and gradual aggregation of par- 
ticles, under the influence of laws with which we are 
acquainted, may be constantly in progress, to end, even- 
tually, in the formation of a sphere. 

May we not regard the zodiacal light as the remains 
of a solar luminiferous atmosphere, which once embraced 
the entire system of which it is the centre ?t Will not 

Ixxvi. ; Catalogue of another 1000, with remarks on the Heavens, vol. 
Ixxix. ; Catalogue of 500 more, with remarks as above, vol. xcii.; 
Of 9uch as have a cometary appearance, vol. ci. ; Of planetary 
nebukey ibid. ; Of stellar nebula, ibid. ; On the sidereal part of 
the heavens y and its connection with the nebulous, vol. civ. ; On the 
rdative distances of clusters of nebulous stars, vol. cviii. 

* Lord Rosse's beautiful telescopes have been formed upon 
principles which appear to embrace the best possible conditions 
for obtaining a reflecting surface which should reflect the greatest 
4piantity of light, and retain that property little diminished for a 
length of time. The alloy used for this purpose consists of tin and 
copper in atomic proportions, namely, one atom of tin to four atoms 
of copper, or by weight 58*9 to 126 -4. — On the Construction of 
large Refiecttng Telescopes : by Lord Rosse. Report of the Four- 
teenth Meeting of the British Association, 1844, p. 79. 

t The best description of the Zodiacal light occurs in a letter 
furnished by Spr John Herschel to the Times newspaper in March, 
1843 : — *' The zodiacal light, as its name imports, invariably ap- 
pears in the zodiac, or, to speak more precisely, in the plane of the 
wm's equator, which is 7® inclined to the zodiac, and which plane, 
teen from the sun, intersects the ecliptic in longitude 78** and 258**, 
or lo much in advance of the equinoctial points : in consequence 
it is seen to the best advantage at, or a little after, the equinoxes ; 
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the strange clianges which have been seen to take place 
in cometary bodies, even whikt they were passing near 
the earth, — as the division of Biela's comet and the 
ultimate formation of a second nucleus. £rom the de- 
tached poi*tion, — sti'ongly tend to support the probabi- 
lity of the idea that attenuated matter has, in the pro- 
gress of time, been condensed into solid masses, and 
that nebulous clouds must still exist in every state of 
tenuity in the regions of infinite space,* which, in the 

after simset, at the spring, and before sunrise, at the autumnal 
equinox ; not only because the direction of its apparent axis lies 
at those times more nearly perpendicular to the horizon, but also 
because at those epoclis we are approaching the situation when it 
is seen most completely in section. 

" At the vernal equinox the appearance of the zodiacal light is 
that of a pretty broad pyramidal, or rather lenticular, body of light, 
which begins to be visible as soon as the twilight decays. It is 
very bright at its lower or broader part near the horizon, and, ff 
there be broken clouds about, often appears like the glow of a dis- 
tant conflagration, or of the rising moon, only less red, giving rise, 
in short, to amorphous masses of light such as have been notioed 
by one of your correspondents as possibly appertaining to the comet 
At higl»er altitudes, its light fades gradually, and is seldom trace- 
able much beyond the Pleiades, which it usually, however, attains 
and involves, and (wliat is most to my present purpose) its axis at 
the vernal equinox is always inclined (to the northward of the 
equator) at an angle of between 60° and 70^ to the horizon, and it 
is most luminous at its base, resting on the horizon, where also it 
is broadest, occupying, in fact, an angular breadth of somewhere, 
about 10° or 12° in ordinary clear weather/* 

* " The assumption that the extent of the starry firmament is 
literally infinite has been made by one of the greatest of astrono- 
mers, the late Dr. Olbers, the basis of a conclusion that the celes- 
tied spaces are, in some slight degree, deficient in transparency «* 
so that all beyond a certain distance is, and must remain for ever, 
unseen; the geometrical^ progression of the extinction of light far 
outrunning the effect of any conceivable increase in the power of 
our telescopes. Were it not so, it is argued, eveiy part of the celes- 
tial concave ought to shine with the brightness of the solar disc, 
sinee no visual ray could be so directed as not, in some point or 
other of its infinite length, to encounter such a disc;' — Edinburgh 
RevieWt p. 185, for January, 1848 ; Etudes d' Astronomic SteUaire^ 
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mysterious processes of world-formation, will, eventually, 
become stars, and reflect across the blue immensity of 
heaven, in brightness, that light which is the necessary 
agent of organisation and all manifestatious of beauty ? 
The inferences drawn from a carefdl study of the con- 
dition of our own globe 2^e in favour of the assumption 
of the existence of nebulous matter. By the processes 
of art and manufacture, by the operation of those powers 
on which organisation and life depend, soKd matter is 
constantly poured off in such a state that it cannot be 
detected, as mattery by any of the human senses. Yet 
a thousand results, daily and hourly accumulating as 
truths around us, prove that the solid metals, the gross 
earths, and the constituents of animal and vegetable life, 
all pass away invisible to us, and become " thin air." 
We know that, floating around us, these volatilized 
bodies exist in some material form, and numerous ex- 
periments in chemistry are calculated to convince us, 
that the most attenuated air is capable, with a sUght 
change of circimistances, of being converted into the 
condition of sohd masses. Hydrogen gas, the lightest, 
the most ethereal of the chemical elements, dissolves iron 
and zinc, arsenic, sulphur, and carbon; and from the 
transparent combinations thus formed, we can with 
facility separate those ponderous bodies. Such sub- 
stances must exist in our own atmosphere; why not 
in the regions of space? Whether this planet ever 
floated a mass of nebulous matter, only known by its 
dim and filmy light, or comet-like rushed througli 
space with widely eccentric orbit, are questions which 
can only receive the reply of speculative minds. 
Whether the earth and the other members of the Solar 
System were ever parts of a Central Sun,* and thrown 

* In the Astronnmische Nachrichten of July, 1846, appeai*ed a 
Memoir by M. Madler, Die Centralsonne. The conclusions arrived 
at by MacQer may be understood from the following quotation from 
a French translation, made by M. A. Gautier, in the Archives des 
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from it by some mighty convulsion, thongh now revolv- 
ing with all the other masses aromid that orb, chained 
in their circuits by some infinite power, is beyond the 
utmost refinements of science to discover. This hypo- 
thesis is, however, in its sublime conception, worthy of 
the master-mind that gave it birth. 

All we know is, that our earth is an oblate sphere, 
which, by the eflfects of its rotation around an axis, is 
somewhat enlarged at the equator and flattened at the 
poles ; — ^that it maintains its regular course around the 
sun, in virtue of the operation of two forces, one of 

Sciences Physiques et NaturelleSf for October, 1846 : — " Qaoiqu'il 
resuite de ce qui precede que la I'egion du ciel que j'ai adoptee 
satisfait a toutes les conditions pos6es plus haut, il n'en est pas 
moins convenable de la soumettre a toutes les epreuves possibles. 
Plusieursessaisde combinaisons differentes m'ont convaincu qu'on 
ne pourrait trouver aucun autre point dans le ciel qui put temr 
lieu, meme d'une maniere approchee, que celui que j'ai ado^te. 
On pourrait maintenant m*addresser Tobjection que, si la region 
du ciel ou se trouve le centre de gravite de notre syst^me d etoiles 
fixes, est determinee par ce qui precede entre certaines limites, il 
n'en resuite pas la necessite de cboisir Alcyone pour ce centre, 
attendu qu'il pourrait bien tomber sur quelqu'autre etoile situee 
dans le groupe ou dans son voisinage. Mais outre que c'est tout 
pres de la que se trouve le groupe le plus brillant et le plus riche 
en etoiles de tout le ciel, et qu'il ne s'agit point ici a un point 
arbitraire situe daus le voisinage peu apparent et qui n'ait lien 
qui le distingue, il ne se trouve nul part, meme dans la region 
voisine, une aussi exacte concordance des mouvements propres 
qu'ici, et ces mouvements correspondent mieux que tous les autres 
aux conditions etablies plus baut. Or si Ton doit considerer ce 
groupe central, entre les etoiles egalement ^loignees, on pent pro- 
sumer que la plus brillante de beaucoup presente la plus grande 
masse. Outre cela Alcyone, consideree optiquement, est au milieu 
du groupe des Pleiades; et son mouyement propre, determine par 
Bessel, est plus exactement en accord avec la moyenne de ceux 
des autres Pleiades; ainsi que des eto^es de cette region jusqu*a 
10° de distance. J e puis done Hahlir comme consequence de tout ce 
quit prMde que le groupe des Pleiades est le groupe central T ensemble 
du systHne des itoiles fixes, jusqu'aux limites extirieures ditermin^es 
par la Voie hactie: et que Alcyone est Vitoile de ce groupe qui 
,parait itre, leplus vraisemblablement, le vrai Soleil central" 
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whicli, acting constantly, would eventually draw it 
into the body of the sun itself; but that it is op- 
posed by the other, centrifugal force, and the varying 
momentum of the revolving mass ; — ^that the same 
force acting from the centre of the earth itself, and 
from the centre of every particle of its substance, 
resolves the whole iato a globular form. 

The principle of Gravitation* is that force which 
resides in every form of matter, by which particle is 
attracted by particle, and mass by mass, the less 
towards the greater. What this may be, we scarcely 
dare to speculate. In the vast area of its action, which 
opens before the eye of the mind, we see a power span- 
ning all space, and linking together every one of those 
myriads erf worlds which spangle the robe of the Infi- 
nite, and we are compelled to pause. Is this principle 
of gravitation a property of matter, or is it a power 
higher than the more tangible forces, is the question 
wUch presses on the mind. If we regard it as a subtile 
principle pervading aH space, we compel ourselves to 
look beyond it for another power yet more refined; and 
we cannot halt until, ascending from the limitable to 
the illimitable, we resolve gravitation and its governing 
influences to the centre of all power — ^the will of the 
eternal Creator. 

Science has developed the grand truth, that it is by 
the exercise of this all-pervading influence that the 
earth is retained in its orbit — ^that the pellucid globe of 
dew which ghstens on the leaf is bound together — that 
the debris which float upon the lake accumulate into 
one mass — ^that the sea exhibits the phenomena of the 
tides — and the aerial ocean its barometric changes. In 
idl things tins force is active, and throughout nature it 
is ever present. Our knowledge of the laws which it 

* See the article On Gravitation, Penny Cyclop»dia, from the 
pen of the A8t^onomer^Boyal. 
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obeys, enables us to conclude that the sun and distant 
planets are consolidated masses like this earth. We 
find that they have gravitating power, and by com-, 
paring this influence with that exerted by the earth, we 
are enabled to weigh the mass of one planet against 
another. In the balance of the astronomer, it is as 
easy to poise the remote star, as it is for the engineer 
to calculate the weight of the iron tunnel of the Menai 
Straits, or any other mechanical structure. Thusthrough- 
out the universe the balance of gravitating force is un- 
eiTingly sustained. If one of the most remote of those 
gems of light, which flicker at midnight in the dark 
distance of the starry vault, was, by any power, removed 
from its place, the disturbance of these delicately ba- 
lanced mysteries would be felt through all the created 
systems of worlds. 

From the peculiarity of the laws which this power 
called gravity obeys, it has been inferred that it acts 
from centres of force ; it is proved that its power dimi- 
nishes in the inverse ratio of the square of the distance, 
and that the gravitating power of every material body 
is in the direct proportion of its mass. In astronomical 
calculations we have first to learn the mass of our 
earth. Experiment informs us that the density of our 
hardest rock is not above 2*8; but from the enormous 
pressure to which matter must be subjected, at great 
depths from the surface, the weight of the superincum- 
bent mass constantly increasing, it is quite certain 
that the earth^s density must be far more than this* 
Maskelyne determined the attraction of large masses 
by a plummet and line on the mountain Schehallion.* 

* Delambre dates the commencement of modem astronomical 
observation in its most perfect form fi*om Maskelyne, who was tiie 
first who gave what is now called a standard catalogue (a.d. 1790) 
of stars; that is, a number of stai*s observed with such frequency^ 
and accuracy, that their places serve as standai-d points of the 
heavens. His suggestion of the Nautical Almanack^ and his su- 
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Cavendish^ with exceedingly delicate apparatus, observed 
the attraction of masses of known weight and size upon 
each other. Applying the powers of arithmetical cal- 
culation^ and the data obtained from the small experi* 
ments to the larger phenomena^ Maskelyne determined 
the earth's mean density to be 4*71, whilst Cavendish 
made it 5*48, but the more recent refined investigations 
of Baily have determined it to be 5*67.* 

From data thus obtained by severe inductive experi- 
jnents and mathematical analyses^ the astronomer^ by 
observing the deviations of a distant star^ is enabled to 
determine the influence of those stellar bodies near 
whidi it passes^ and^ hence^ to calculate the relative 
magnitudes of each. The accuracy of the law is in this 
way put to the severest test, and the precision of astro- 
nomical prediction is the strongest proof of its univer- 
sality and truth. 

Boiling onward its lonely way, in the far immensity 
of our system,' the planet Uranus was discovered by 
the elder Herschel, — so great its distance that its 
diminished light could scarcely be detected by the 
most powerful telescopes; but since its discovery its 
path bias been carefdlly watched, and some irregularities 
noticed. Most of these disturbances were referable 
to known causes ; but a little alteration in its rate of 
motion observed when the planet was in one portion 
of its vast orbit was unexplained. Convinced of the 
certainty of Newton's law, and having determined 
that the attraction of known masses was insufficient 

perintendence of it to the end of bis life, from its first publication 
in 17G7, are mentioned in the Almanack (vol. i. p. 364) ; his Sche- 
Judlion Btq^eriment on Attraction in vol. iii. p. 69 ; and the charac- 
ter of his Greenwich Observations in Greenwich Observatory in vol. 
ii. p. 442. 

* Experiments to determine the Density of the Earth. By Henry 
Cavendish, Esq., F.R.S. and F.A.S.— Philosophical Transactions, 
1798. 
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to produce the disturbance observed, these deviationi^ 
were referred to the gravitating influence of a maas 
beyond the known limits of our Solar System. By 
the investigations of Adamsin England,* and Le Verrier 
in France, t the place of the hypothetical mass was 
determined, and its size computed. As a grand 
confirmation of the great law, and to the glory of thoie 
two far-searching minds, who do honour to their 
respective countries and their age, the hypothesis 
became a fact, in the discovery of the planet Neptune 
in the place determined by rigorous calculation. Astro- 
nomy aflbrds other examples of the sublime truth ot 
the law of gravitation, than which science can afford no 
more elevated poetry. 

So completely is all nature locked in the bonds of 
this infinite power, that it is no poetic exaggeration, to 
declare, that the blow which rends any earthly mass 
is conveyed by successive impulses to every one of the 
myriads of orbs, which are even too remote for the- 
reach of telescopic vision. 

An illustrative experiment must close our consideration 
ofrelative operations of rotation and gravitation. We well 
know that a body in a fluid state would, if suspended above- 
the earth, it being at the same time free to take any form, 
naturally assume that of a flattened spheroid, from the- 
action of the mass of the earth upon it : whereas the 
force of cohesive attraction acting equally from all sides 
of a centre, would, if uninfluenced, necessarily produce 
a perfect sphere. The best method of showing that this, 
would be the case, is as follows : — 

Alcohol and water are to be mixed together until the 

* Adams : An Explanation of the observed irregularities in the 
motion of Uranus, on the hypothesis of disturbance caused by a more 
distant Planet. — Appendix to Nautical Almanack for 1851. 

f Le Verrier: Premier Mimoire sur la, th^orie d Uranus ^ Comptes 
Eendus, vol. zxi. ; Sur la planSte quipreduit les anomalies observies- 
dans le mouvement d Uranus. — lb, vol. icxiii. 
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fluid is of the same specific gravity as olive oil. If, when 
this is effected, we drop globules of the oil into the 
mixed fluid, it wiQ be seen that they take an orbicular 
form ; — and, of course, in this experiment the power of 
the earth^s gravitating influence is neutralized. The 
same drops of oil under any other conditions would be 
flattened. Simple as this illustration is, it tells much of 
the wondrous secret of those beautifully balanced forces 
of cohesion and of gravitation; and &om the prosaic 
fact we rise to a great philosophical truth. Our experi- 
ment may lead us yet farther in exemplification of 
known phenomena. K we pass a steel wire through 
one of those floating spheres of oil, and make it revolve 
rapidly and steadily, thus imitating the motion of . 
planet on its axis, the oil spreads out, and we have tht^ 
spheroidal form of our earth. Increase the rapidity of 
this rotation^ and when a certain rate is obtained the 
oil widens into a disc, a ring separates itself from 
a central globe, and at a distance f^m it still revolves 
around it.* Here we have a miniature representation of 

* The experiment alluded to is one of a series by M. Plateau, 
who thus describes his arrangemeDt of the fluid : — " We begin by 
making a mixture of alcohol and distilled water, containing a cer> 
tain excess of alcohol, so that when submitted to the trial of the 
test tube it lets the small sphere of oil fall to the bottom rather 
rapidly. When this point is obtained, the whole is thrown upon 
filters, care being taken to cover the Ainnels containing these last 
with plates of glass ; this precaution is taken in order to prevent, 
as much as possible, the evaporation of the alcohol. The alco- 
holic liquor passes the iirst through the filters, ordinarily carrying 
with it a certain number of very minute spherules of ou When 
the greater part has thus passed, the spherules become more nume- 
rous ; what still remains in the first filters, namely, the oil and a 
residue of alcoholic liquor, is then thrown into a single filter placed 
on a new flask. This last filtration takes place much more slowly 
than the first, on accountof the viscosity of the oil ; it is consider- 
aUy accelerated by renewing the filter once or twice during the 
ofenJdou. If the funnel has been covered wiUi suflBcient care, the 
oil will collect into a single mass at the bottom of the flask una9 

D 
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the ring of Saturn. This is a suggestive experiment^ 
the repetition of which, by reflective minds, cannot fail 
to lead to important deductions. The phenomena of 
cohesion, of motion, and gravitation, are all involved; 
and we produce results resembling, in a striking man- 
ner, the conditions which prevail in the planetary spaces, 
under the influence of the same powers. If we take 
a glass globe, and having filled it with a fluid of the 
proper density, drop into it large and small globules of 
oil, we may produce an instructive representation of 
the stellax vault, with its beautiful spheres of light 
revolving in their respective orbits ; and though cross- 
ing each other^s paths, still moving in obedUence to 
attractiog and repelling forces — onward in perfect 
harmony. 

From the centre of our earth to the utmost extremi^ 
of the universe— from the infinitely small to the im- 
mensely vast — gravitation exerts its force. It is md 
on all sides by physical powers acting in antagonism to^ 
it, but, like a ruling spirit, it restrains them in their 
wildest moods. 

The smallest dust which floats upon the wind 

Bears this strong impress of the Eternal Mind. 

In mysteiy round it, subtile forces roll; 

And gravitation binds and guides the whole. * 

In every sand, before the tempest hurl'd, 

Lie locked the powers which regulate a world, 

And from each atom human thought may rise 

With might to pierce the mysteries of the skies, — 

To try each force which rules the mighty plan, 

Of moving planets, or of breathing man; 

And from the secret wonders of each sod. 

Evoke the truths, and learn the power of God. 

a layer of alcoholic liquor."— On the Phenomena presented by a free 
Liquid Mass withdrawn from the action of Gravity. By Professor 
Plateau, of tlie University of G hent. Translated from the Memc/n 
of the Royal Academy of Brussels^ vol. xvi. ; in the Scietiiyk- 
Memoirs J vol. iv. part 13. 
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CHAPTER IV. 

MOLECULAR FORCES. 

Conditions of Matter— Variety of oi^auized Forms— Inorganic 
Forms — ^All matter reducible to the most simple conditions 
— Transmutation, a natural operation — Chemical Elemen- 
tary Rinciples — Divisibility of Matter — ^Atoms — Molecules — 
Particles— Molecular Force includes several Agencies — 
Instanced in the Action of Heat on Bodies — ^AU Bodies 
porous — Solution — Mixture — Combination — Centres of 
Force — Different States of Matter (Allotropic Conditions) 
— ^llieories of Franklin, ^piuus, and Coulomb — Electrical 
and Magnetic Agencies — Ancient Notions — Cohesive 
Attraction, Ac. 

Ih ccmtemplating ihe works of nature^ we cannot but 
r^ard, with feelmgs of religions admiration^ the infinite 
Tsriety of forms under which matt^ is presented to our 
senses. On every hand the utmost diversity is ex- 
hibited; through all things we trace the most perfect 
order ; and over all is diffused the charm of beauty. It 
is the uneducated or depraved alone who find deformities 
in the creations by which we are surrounded. 

1^ three conditions of matter are — the sofid^ the 
fluid, and the aeriform ; and these belong equidly to the 
organic and the inorganic world. 

In organic nature we have an almost infinite variety 
of animal fcMm, presenting developments widely different 
from each other, yet in every case suited to the circum- 
stances required by the position which the creature 
occupies in the scale of being. THirough the entire 
aeries, from the Polype to the higher order of animals, 
Cfcn to man, we find a imiformity in the progress 
towards perfection; and a continuity in the series, wMdi 
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betrays the great secret, that the mystery of life is the 
same in all, — a pervading spiritual essence associated 
with matter, and modifying it by the master-mechanism 
of an Infinite mind. 

In the vegetable clothing of the surface of the earth, 
which fits it for the abode of man and animals — ^from 
the confervse of a stagnant pool, or the lichen of the 
wind-beaten rocks, to the lordly oak or towering palm — 
a singularly beautiful chain of being presents itself to 
the contemplative mind, and we cannot but trace 
the gradual elevation in the scale of organization. 

In the inorganic world, where the great phenomena 
of life are wanting, we have constantly exhibited the 
working of powers of a strangely complicated kind. 
The symmetrical arrangement of crystals^ — ^the diversi- 
fied characters of mineral formations — the systematic 
aggregations of particles to form masses possessing pro- 
perties of a peculiar and striking nature — all prove, that 
agencies, which science, with all its refinements, has not 
yet detected, are unceasingly at work. Heat, electricity, 
chemical power — ^whatever that may be — and the forces 
of cohesion, are known to be involved in the production 
of the forms we see ; but contemplation soon leads to 
the conviction that these powers are subordinate to 
others which we know not of. We know only the 
things belonging to the surface of our planet, and these 
but superficially. The geologist traces rock-forma- 
tions succeeding each other (from the primary strata 
holding no traces of organized forms, through the Paleo- 
zoic series, in which, step by step, the history of animal 
life is recorded,) to the more recent formations, teeming 
with relics, which, though allied to some animal types 
still existing, are generally such as have passed away. 
The naturalist searches the earth, the waters, and the 
air, for their living things ; and the diversity of fonn, 
the variety of condition, and the perfection of organiza- 
tion which he discovers as belonging to this our epoch 
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— differing from, indeed bearing but a slight relation to, 
those which mark the earth^s* mutations — exhibit, in a 
most striking view, the endless variety of characters 
which matter can assume. 

We are so accustomed to all these phenomena oi 
matter, that it is with some difficulty we can bend 
ourselves to the study of the more simple conditions 
in which it exists. 

The solid crusts of this telluric sphere — ^the waters 
and the atmosphere — ^the diversified fabrics of the vege- 
table kingdom — and the still more complicated struc- 
tures of men and animals — are, altogether, but the 
aggr^ation of minute particles in accordance with 
certain fixed laws. By mechanical means all kinds of 
matter may be reduced to powder, the fine particles of 
which would not appear very different from each other, 
but each atom has been impressed with properties 
peculiar to itself, which man has no power to change. 

To nature alone belongs the mysterious property of 
transmutation. The enthusiastic alchemist, by the 
ageoocy of physical forces, dissipates a metal in vapour ; 
but it remains a metal, and the same metal still'. By the 
Hermetic art he breaks up the combination of masses ; 
but he cannot alter the principles of any one of the 
elements which form the mass upon which his skill is 
tried. 

Every atom is invested with properties peculiar to all 
of its class ; and each one possesses powers, to which in 
mute obedience it is compelled, by which these proper- 
ties are modified, and the character of matter varied. 
What are those properties ? Do we know anything of 
those powers? 

The earth, so far as we are acquainted with it, is 
composed of about sixty principles, which we call 
dementary. These are the most simple states to which 
we can reduce matter, and from them aU the forms oi, 
creation yet examined by the chemist are produced. 
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These elementary principles are, some of them, perma- 
nently gaseous under the ordinary temperature, and 
others exist as solid masses ; the difference between the 
two conditions being regulated, as it appears, by the 
opposing forces of heat and cohesive attraction. 

Matter has been regarded by some as infinitely divi- 
sible ; but the kaown conditions of chemical combina- 
tions lead to the conclusion that there are limits beyond 
which matter cannot be divided.* The theory of atoms 
having determinate characters, and possessing symmetric 
forms, certainly has the advantage of presenting to the 
human miad a starting point — a sort of standing ground, 
— ^firom which it can direct the survey of cosmical phe- 
nomena. The metaphysical hypothesis, which resolves 
all matter into properties, and refers all things to ideas. 



* **The divisibility of matter is great beyond the power oC 
imagination, but we have no reason for asserting thftt it is 
infinite; for the demonstrations which have sometimes been 
adduced in favour of this opinion are obviously applicable to 
. space only. The infinite divisibility of space seems to be esseB* 
tial to the conception that we have of its nature, and it mav be 
stricUy demonstrated that it is mathematically possible to artm 
an infinite number of circles between any given circle and its 
tangent, none of which shall touch either of them except at the 
general point of contact ; and that a ship following always the 
same oblique course with respect to the meridian, — ^for example, 
sailing nordi-eastwards, — ^would continue perpetufidly to approach 
the pole without ever completely reaching it. But when we 
inqmre into the truth of the old maxim of the schools, that all 
matter is infinitely divisible, we are by no means able to decide 
so positively. Newton observes that it is doubtful whether any 
human means may be sufi&cient to separate the particles of 
matter beyond a certain limit; and it is not impossible Uiat 
there may be some constitution of atoms, or single corpuscles, 
on which their properties, as matter, depend, and which would 
be destroyed if the units were further divided ; but it appears to 
be more probable that there are no such atoms, and even if there 
are, it is almost certain that matter is never thus annihilated, in 
the common course of matter." — The Essential Properties <if 
Matter : Young's Natural Philosophy ; ed. by Rev. P. LeUand. 
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leaves the mind in a state of uncertainty and bewilder- 
ment. 

Adapting the views of Dumas, with some modifica- 
tions,* it wiU be found more satisfactory to r^ard the 
ultimate atoms of matter as points beyond the reach of 
oar examination ; which, according to a law, determined 
by the influences of the so-called imponderable forces, 
unite to form molecules. Again, these molecules com- 
bine to finrm the particles of the mass which we may 
regard as the limit of mechanical division. The particles 
of soKd bodies are solid, those of fluids fluid, and those of 
gaseous bodies are themselves aeriform; but it does not 
follow that the molecules of any body should be neces- 

* "Two very different hypotheses have been formed to ex- 
plain the nature of matter, or the mode of its formation ; the 
one known as the atomic theory, the other, the dynamic. The 
foonder of the former and earlier was Leucippus: he consi- 
dered the basis of all bodies to be extremehr fine particles, 
differing in form and nature, which he supposed to be dispersed 
through space, and to which his follower Epicurus first gave 
the name of atoms. To these atoms he attriouted a rectilinear 
motion, in consequence of which such as are homogeneous 
runted, whilst the lighter were dispersed through space. The 
author of the second hypothesis was the famous Kant He 
imagined all matter existed, or was originated, by two antagonist 
4md mutually counteracting principles, which he called attraction 
and repulsion, all the predicates a( which he referred to motion. 
Most modem philosophers, and foremost amongst them Ampere 
and Pcnsson, have adopted an hypothesis combining the features 
of both the preceding. They regarded the atoms as aata» deriving 
Hieir origin from the Deity as the first cause, and consider their 
imiate attractive and repulsive force as a necessary condition to 
their eombination in bodies. The main features of this hypothesis 
are bonrowed from Aristotle, inasmuch as he supposed the basis 
Ax( all bodies to be the four elements known to the ancients, the 
narticles of which, endued with certain powers, constituted 
bodies. According to Ampere, all bodies consist of equal particles, 
4uid they again of molecules that, up to a certain . distance, 
attract each other. Their distance from each other he supposed 
to be regulated bv the intensity of the attractive and repulsive 
forces, the latter of which preponderates." — Peschel's Elements qf 
Pkysies; translated by E. West, 1845. 
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sarily solid, fliud, or aeriform, from tlie circumstance of 
their having formed the particles of a body in one of 
these states. 

As this planet — a molecule in space — is formed of 
aggregated atoms, and enveloped by its own physical 
agencies — and as it is involved in the infinitely extending 
influences of other planetary molecules, and thus forms 
part of a system — so the molecules of any mass are 
grouped into a system or particle, which possesses the 
great characteristic features of the whole. 

In an aeriform body the particles are in a state of 
extreme tenuity, the molecules being themselves, by the 
influence of some repulsive force, just on the verge where 
cohesion exerts its decaying power. In fluid bodies the 
attenuation of the particles is less — ^the particles and 
also the molecules are nearer together, — ^whereas, in the 
solid body, the forces of cohesion are most strongly ex- 
erted, and all the molecular conditions brought more 
powerfully into action. 

Under the term molecular force, we include several 
agencies, — ^not alike in the phenomena which they 
exhibit, but which are all-powerful in producing the 
general characteristics of bodies. These require a 
somewhat close examination. All the particles of even 
a solid mass may be brought under conditions on which 
they are free to move. By heat we can increase the 
length and thickness of a bar of iron, or any other 
metal, and at length produce the fluid state, — a melted 
Jinetal flows as freely as water in a stream. Fluids, 
and gases in like manner obey the dispersive influence 
of caloric. From these and other analogous results we 
learn that all bodies have a greater or less degree of 
porosity. The distance at which the particles of fluid 
bodies are maintained is strikingly proved by the fiwjt, 
that hydrated salts dissolved in water occupy no more 
space than that which is equal to the water contained in 
the crystalline body ; while anhydrous salts dissolve 
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irithout at all increasiiig the bulk of the fluid. All the 
solid matter of the salt must^ in these cases, it would 
appear, go to fill up the interstitial spaces which we 
suppose to exist in the liquid.* 

The conditions which regulate the solubility of 
bodies, and the power of solution, regarded either as a 
mechanical or a chemical process, are very obscure. 
We might be led to suppose, that those bodies possess- 
ing the largest amount of unoccupied space were capable 
of holding the greatest quantity of soluble matter dis- 
solved. This, however, is far from being the case, the 
denser fluids generally having the greatest solvent 
power. 

The peculiar manner in which hydrogen gas appears 
to dissolve solid substances, — as iron, potassium, sodium, 
sulphur, phosphorus, selenium, and arsenic, may be ex- 
plained by regarding the results as a manifestation 
of the powers of chemical affinity over the forms of 
bodies. In like manner, the solution of salt in water, 
or the mixture of alcohol in that fluid, may be viewed as 
chemical phenomena, although usually considered as 
simple cases of solution or mixture : alterations of tempera- 
ture and other physical changes taking place in either. If 
two masses of metal, — either tin and copper, for example, 
— are melted and combined, the united mass will not 
equal the bulk of the two masses. If a pint measure of 
oil of vitriol and an equal quantity of water are mixed 
tc^ether, the combined fluids will not flU a two pint 
measure.f 

* This was first proved by the researches of Dr. Dalton : the 
subject will be agaiu alluded to under the consideratiou of atomic 
Tolumes. 

t These peculiar phenomena may he studied ndvantageously in 
the works of most of the eminent European chemists. In our 
own language the reader is referred to Dr. Thompson's Outline of 
the Sciences of Heat and Electricity y 2nd edition; Brande's 
Manual of Chemistry— Art. Specific Heat; GiBbBm'^ Elements of 
Chemistry ; and Daiiicll's Introduction to the Study of Chemical 
Philosophy. 
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In these instancea a large quantity of heat is rendered 
sensible, as if it had been squeezed out by the force 
with which the particles combined, from insterstices, 
which were filled with, what we may be allowed to call, 
an atmosphere of heat. Hence we conclude that, 
amongst the influences determining the molecular con- 
stitution of a body, heat performs an important part. 
All these facts go to prove that the atoms which form 
the compound body, whatever may be its character, are 
disposed of as so many centres of force, which act by 
influences of a peculiar character upon each other. That 
these influences are dependent upon known physical 
forces is certain ; but the laws by which the powers of 
the ultimate atom are altered remain still unknown. 

In the great operations of nature, changes are pro- 
duced which we cannot understand, and variations of 
condition do certainly occur, which may be regarded as 
instances of transmul^tion. 

Amongst others, we may adduce the diflferent states 
in which we know carbon to exist. We have the 
diamond with its beautiful light-refracting property, its 
hardness and high specific gravity, capable of being con- 
verted into graphite and coke.* Charcoal, graphite, and 
the diamond, are totally unlike each other, yet we know 
they are each composed of the same atoms. Charcoal 
is a black irregular substance, light, and readily inflam- 
mable ; graphite is crystallizable ; but the forms of its 
crystals cannot be referred to those of the diamond, and 
it bums with difficulty. The diamond occurs in the 
most regular and beautiftdly transparent forms ; and it 
can be burned only at the highest artificial temperatures. 

* The conversion of the diamond into graphite and coke was 
first eflfected by the agency of the galvanic arc of flame, by M. 
Jaquelini, and communicated to the Academy of Sciences in 1847, 
in a Memoir entitled, De Vaction calorifique de la pile de Bunsen, 
du ehalumeau d gaz oxygeue et hydrogene sur U carbon pur, arttfieiel 
et natureL See Comptes Rendus, 1847, vol. xxiv. p. 1050 ; i^so 
Report ff the British AssodaHwi^ for 1847, (Transactiotis ofSectioiu) 
p. 50. 
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We are, however, convinced by experiment that the 
brilliant and transparent gem is made up of the same 
atoms as those which go to form the dull black mass of 
charcoal. From diamonds, as is above stated, coke has 
been formed by the heat of the voltaic battery, and re- 
cent experiments have proved that the volatilized 
carbon constantly passing oflF firom one of the poles of a 
sufficiently powerfal battery, is deposited in a crystal- 
line powder, possessing most of the properties, as it 
r^ards hardii^, &c. of true diamond dust. What is 
the mystery of this? We know not. The peculiar 
conditions have been the subjects of anxious study ; but 
science has not yet let in a ray of light upon the 
mystery. That a diflFerent state — it has been called 
an iMllotrapic condition — ^is often induced in the same 
•dass of atoms is certain; and hence the variety of the 
resulting compounds. To continue our illustrations 
with carbon — may not its combinations, in uniform pro- 
portions with oxygen and hydrogen,* owe their differ- 
ences to some allotropic change in the ultimate atoms of 
this element. 

We know that silicon — the metallic base of flint — ^is 

* •* In the annua report on the progress of chemistry, presented 
to the Boyal Academy of Stockholm, in March 1840, I have 
pnqmeed to designate by the term allotropic state, that dissimilar 
eondition which is observed in certain elements, and long known 
examples of which are found in the different forms of carbon, as 
graphite and diamond. 

** Although these dissimilar conditions, which I have here called 
allotropic, have long since attracted attention in one or two 
elema[it8, still they have been regarded as exceptions to the 
general rule. It is at present my object to show that they are 
not so rare ; that it is probably rather a general property of the 
elements to appear in dififerent allotropic conditions ; and that 
alduNigfa we have hitherto heen unable to obtain several of the 
elements when uncomhined in their allotropic states, still their 
eompoonds indicate the same with tolerable distinctness." — Ber'^ 
ze&u om ike AUotropff of the Elementary Bodies^ $*c. : Poggen- 
doriTs Annalen, 1844. Scientific Memoirs, vol. iv. p. 240. 
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capable of assuming two or more diflferent states ; and 
tliat sulphur^ selenium^ phosphorus^ and arsenic^ are 
susceptible of these remarkable changes in which, with- 
out the slightest variation in the chemical character^ a 
complete change in the physical condition is produced. 
Copper, iron, tin, and manganese, are known to exist in. 
at least two states of physical dissimilarity, aud many of 
the rarer metals exhibit the same peculiarity.* Henoe^ 
may we not infer that some of those substances, whidu 
we now term elementary, are but altered conditions of 
the same element ? The resemblance between many of 
those bodies strengthens the supposition. Iridium and 
platinum, — iron and nickel, — chlorine, bromine, iodine;^ 
and probably fluorine, — are good examples of these 
similarities, although these bodies are all distinguished 
by physical and chemical diflferences. 

The light-refracting gem, which glistens on the neck 
of beauty, and is valued for its transparency, diflfers only 
from the rude lump of coke in its molecular arrange- 

* Copper, when recjuced by hydrogen at a heat below tbat of 
redness, on exposure to air soon becomes converted throughout 
its mass into protoxide ; and when it is triturated for some time 
with an equivalent quantity of sulphur, it combines with it 
according to Biittcher's experiments, producing flame, and form- 
ing sulplmret of copper, if, liowever, the copper be reduced by 
hydrogen at a red heat, still considerably below the temperature 
at which it softens and begins to melt, it remains for years un- 
changed by exposure to air, and cannot be made to coihbine 
with sulphur without the application of heat. Iron, cobalt, and 
nickel, when reduced by hydrogen below a red heat, inflame after 
they have cooled, if exposed to the air ; and if they are imme- 
diately placed in water to avoid their taking fire, they inflame 
when they are again removed, and have become nearly dry. If 
we compare this behaviour with that of iron reduced by heat, 
and with iron in that state in which it forms the conductor o^ 
a galvanic current without becoming oxidized, it would appear 
that these peculiarities depended upon something more than a 
difference of mechanical condition." — Berzelius on the Allotropy 
of Elementary Bodies. See On the Isomeric Conditions of the Per^ 
oxide of Tin: by Prof. H. Uose.— Chemical Gazette, Oct. 1848. 
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ment. Chemistry teacher us that we may, without pro- 
ducing any disarrangement of the afiSnities, but by 
merely setting up molecular disturbance, effect decided 
dumges, as is sti^dngly shown in the colour of iodide of 
m^xniry changing from red to yellow under sUght in- 
flnenoes of heat^ and back again to red by a gentle 
mechanical disturbance. Sy a slight change, merely 
moleciilar, iron may be made to resemble platinum in 
its i^ysical properties.* An iron wire plunged into 
nitiic add is attacked by the acid with violence ; but if 
one extremity of the wire is heated in the flame of 
a spirit lamp, such a change of state is produced 
thimghout the entire length of the wire, that if it be 
now plunged into nitric acid no effect is produced upon 
it. On studying this question, we find good reason for 
8l^>posing that bodies which, though physically different, 
resem^ble each other in some of their properties, iodine, 
faramime, fee, are the results of different allotropic con- 
ditkms which have been impressed upon the ultimate 
atoms^ similar to those observed in the substances 
named. This hypothesis appears to be more in accord- 
ance with the great principles which we must conceive 

♦ On this curious subject, and its history, see Bergman's 
DU$eri. de PlUog. qmntitate in Metallis, 1764. Kirwan, On the 
AttracUve Powers of Mineral Acids : Philosophical Transactions. 
KifiK^s Experiments and Observations on the Dissolution of Metals 
mAeid»: Phil. Trans. 1790. 

From these valuable papers it will be seen that the peculiar 
states of iron had already attracted attention, particularly those 
** inactive conditions** noticed in a " ^ote sur la Maniire d^agir 
de r Adde nitrique sur le Fer, par J. F, fV. Herschel" Aug. 1833 ; 
and previously indicated by M. H. Braconnot, Sur quelques^ 
Propriit^ de VAcide nitrique, Aunales de Chimie, vol. lii. p. 54. 
Be&renee should also be made to the Memoirs of Sir John 
H^TBebel, On the Action of the Rays of the Solar Spectrum on 
Vegetable Colours, Sfc. : Phil. Trans, vol. cxxxiii. p. 221 ; and On 
ike Separation of Iron from other Metals : Phil. Trans, vol. cxi. p. 
293; and several papers by Schoubein, in the Philosophical 
Magazine, from 1837. 
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guided the labours of an Infinite Mind^ than that which 
supposes a vast number of individual creations. It will 
be seen in the sequel that lights heat^ electricity^ and 
chemical action^ have the power of producing yet mat» 
strildng changes in the forms of bodies. Is it not 
probable that^ according to the operations of thew 
agents^ either combined or separate^ acting over diffeareat 
spaces of time, and under varying circumstanoeSy in 
relation to the molecular forces, all those aUotropic 
states may be produced? Hence bodies may be dis- 
covered, which, — from the imperfections of science^ — 
resisting our means of analysis, must, for a time, be 
regarded as new elements, whereas they are ipomkAj 
only altered states of the same substance. 

The experiments of Faraday and of Pludsier pro^e 
that all matter exists in certain polar conditions, having^ 
powers of mutual attraction and repulsion.* Are Hie . 
molecular forces, so called, to be referred to any of tiMMfr 
powers which are involved in the general term magnetio~ 
polarity ? Are they not probably the result of aome 
ultimate principle of which these properties are but 
the modified manifestations? These questions will 
now be generally answered in favour of magnetism f 
but in our ignorance we should pause ; the next genera- 

* Faraday, in his memoir On new Magnetic Actions, emd on <A» 
Magnetic Conditions of all Matter^ says : — " By the exertion ot 
this new conditio;i of force, the body moved may pass either along 
the magnetic lines or across them, and it may move along or acroG» 
them in either or any direction, so that two portions of matter^ 
simultaneously subject to this power, may be made to approach 
each other as if they were mutually attracted, or recede as if 
mutually repelled. All the phenomena resolve themselves inta 
this, that a portion of such matter, when under magnetic action, 
tends to move from stronger to weaker places or points of force. 
When the substance is suiTOunded by lines of magnetic force of 
equal power on all sides, it does not tend to move, and is then in 
marked contradistinction with a linear current of electricity under 
the same circumstances." — Phil. Trans, for 1846, vol. cxxxvii* 
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tion will without doubt find another solution for 
the problem. 

Franklin supposed the ultimate atoms of bodies to be 
surrouoded by a subtile fluid or ether^ which they have 
ike power of condensing upon their surfaces with 
great force — ^and we have experiments showing that 
this is probable* — whilst he regarded the atoms of the 
ether itself as mutually repellent^ thus establishing an 
equilibrium of forces, ^pinus reduced the hypothesis 
of Fraiiklin to a mathematical theory ; and Coulomb 
proved that the force with which the repulsion of the 
etl^real atoms and the attraction of the material mole- 
cules are produced^ is^ like universal attraction^ — ^to 
whatever power that maybe due^ — ^regulated by the law 
<rf the inverse ratio of the square of the distance. These 
views are founds upon minute examination^ to hold true 
to the phenomena with which inductive science has 
made us acquahited ; and the striking manner in which, 
whexk submitted to the rigorous investigations of geome- 
ters, they agree with known conditions of electricity, 
Vf^pears certainly to fsivour the opinion that this power 
may be matermlly comiected with these molecular 
arrangements. 

Many of the phenomena which are connected with 
the magnetic iidluences also bear in a remarkable 
manner upon this inquiry. But, without the necessary 
proof of direct experimental evidence it were as im- 
philosophical to refar the binding together of the 
molecules of matter to the agency of electricity, as it 
would be to adopt the theory of the hooked atoms of 

* New Experiments and Observations on Electricity made at 
'Philadelphia, in America. — Addressed to Mr. Collinson, from 1747 
to 1754. By Benjamin Franklin. Of these Priestley remarks : — 
" It is not easy to say whether we are most pleased with the 
simplicity and perspicuity with which the author proposes every 
hypothesis of his own, or the no hie frankness with which he 
relates his mistakes, when they were corrected by subsequent 
experiments." 
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Epicurus, or the astrological dream of tlie sympathies of 
matter.* 

Science, however, enables us to infer with safety that 
the mechanical powers which regulate the constitution 
of a cube of marble, or a granite mountain, are of a. 
similar order to those which determine the earth^s re- 
lation to the other planets in the solar system, and that 
solar system itself a imit, in the immensity of space, to 
the myriads of suns which spangle the stellar vault. 

In fine, cohesion, or the attraction of aggregation, is 
a power employed in binding particle to particle. To 
cohesion, we find we have heat opposed as a repellent 
force ; and the mysterious operations of those electrical 
phenomena, generally referred to as polar forces, are 
constantly, it is certain, interfering with its powers. In 
addition, we have seen that in nature there exists an 
agency which is capable of changing the constitution of 
the ultimate atoms, and of thus giving variety to each 
resulting mass. What this power may be, our science 

* " The atomic philosophy of Epicurus, in its mere physical 
contemplation, allows of nothing but matter and space, which are 
equally infinite and unbounded, which have equally existed from 
all eternity, and from different combinations of which every 
visible form is created. These elementary principles have no 
common property with each other; for whatever matter is, that 
space is the reverse of; and whatever space is, matter is the cod- 
trary to. The actual solid part of all bodies, therefore, are matter, 
their actual pores space, and the parts which are not altogether 
solid, but an intermixture of solidity and pore, are space and 
matter combined. 

" The infinite groups of atoms, flying through all time and 
space in different directions and under different laws, have inter- 
changeably tried and exhibited eveiy possible mode of rencoun- 
ter: sometimes repelled from each other by concussion, and 
sometimes adhering to each otlier from their own jagged or 
pointed consti'uction, or from the casual interstices which two or 
more connected atoms must pioduce, and which may he just 
adapted to those of other figures, — as globular, oval, or square. 
Hence the origin of compouud and visible bodies; hence the 
origin of large masses of matter ; hence, eventually, the origin of 
the world itself." — Dr. Good's Boo?: of Nature. 
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•cannot tell; but our reason leads us, with firm con- 
viction, to the belief that it is a principle which is, 
beyond all others in its subtile influences which equally 
uniyersal with, appears to rise superior to gravitation ; 
and which, like a spirituaUty, shadows forth to our 
dwarf conceptions the immensity of the divine power of 
the omniscient Creator. 

The molecular forces involve a consideration of all the 
known physical powers, the study of which, in their 
operalunis on matter, wfll engage our attention. But it 
is pleasant to learn, as we advance step by step in our 
examination of the phenomena of creation, that we may 
study the grand in what externally appears the simple, 
and learn, in the mysteries of a particle, the lugh 
truths which science has to tell of a planet. 

It may appear that the forces of gravitation and cohe- 
sion are regarded as identical. Many phenomena, which 
we are enabled to reach by the refinements of inductive 
inqimrf , certainly present to us a striking similarity in 
the laws which regulate the operations of these powers ; 
but it must be Temembered that their identity is not 
^estaUished. So &r from this, we know the law of gra- 
vitating force. Newton determined with surprising 
accuracy, that 4he action of this power diminishes with 
the dktance as the imiverse square, but cohesive force is 
exerted only at such distances that it is impossible to 
determine whether or not it is subjected to the same law. 
To quote the words of Young : " The whole of our 
inquiries respecting the intimate natiure of forces of any 
kind must be considered merely as speculative amuse- 
ments, which are of no further utihty than as they 
make our views more general, and assist our experi- 
mental investigations.^^* 

* YouDg^s Lectures on Natural PhUosopkf^ and the Meehtmical 
Arts, Le^uie 49, On the Essential Froperties oj Matter. 
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CHAPTER V. 

CRYSTALLOGENIC FORCES. 

CJrystallisation and Molecular Force distinguished — Experimental 
Proof — Polarity of Particles forming a Cry8tal--t)ifference 
between Organic and Inorganic Forms — Decomposition of 
Crystals in l^ature— Substitution of Particles in Crystals — 
Pseudomorphism — Crystalline Form not dependent on Che 
mical Nature — Isomorphism — Dimorphism — Theories of 
Crystallogenic Attraction— Influence of Electricity and Mag- 
netism—Phenomena during Crystallisation— Can a change of 
Form take place in Primitire Atoms ? — ^Illustrative Example 
of Crystallisation. 

*' Crystallisation is a peculiar and most admirable 
work of nature^s geometry, worthy of being studied 
by all the power of genius, and the whole energy of the 
mind, not on account of the deUght which always 
attends the knowledge of wonders, but because of its 
vast importance in revealing to us the s^rets of nature ; 
for here she does, as it were, betray herself, and, laying 
aside all disguise, permits us to behold, not merely the 
results of her operations, but the very processes them 
selvss." — Such is the language of an Italian philosopher, 
Gulielmini ; and it is the striking pecuharity of behold- 
ing the process of the formation of the regular geometric 
figures of crystals, the gradual accretion of particle to 
particle, which induces us to separate crj^stallization from 
mere molecular aggregation. Without doubt the forma- 
tion of a crystal and the production of an amorphous 
block are due to powers which bear a close resemblance 
in many points ; but they present remarkable differences 
^n others. 
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Let us take some simple case in illustration. In 
quiet watei* we have very finely divided matter sus- 
pended, and matter in a state of solution. The first is 
slowly precipitated, and in process of time consolidates 
into a hard mass at the bottom, presenting no particular 
character, unless it has been placed in some peculiar 
physical conditions ; when, as in nature, we have a 
regular bedding which is intersected by Unes of lamina- 
tion or of cleavage, which we are, from experiment, 
enabled to refer to the influence of current electricity. 
The second — ^the matter in solution — is also slowly 
deposited; but it is accupiulated upon nuclei Vflaieh 
possess some peculiar disposing powers, and every par- 
ticle is united by some particular face, and an angular 
figure of the most perfect character results. Many 
pleasing experiments would appear to show that elec- 
tricity has much to do in the process of crystallization ; 
but it is evident that it must be imder some peculiarly 
modified conditions that this power is exerted, if, indeed, 
it has any direct action. 

The same substances always crystallize in the same 
forms, unless the conditions of the crystallizing body are 
altered. It has been supposed that each particle of a 
oystaUine mass has certain points or poles which possess 
definite properties, and that cohesion takes place only 
along hues which have some relation to the attracting 
or repelling powers of these poles. We shall have, 
eventually, to consider results which appear to prove 
Ihat magnetism is xmiversal in its influence, and that 
this polarity of the particles of matter may be referred 
to it. 

Be the cause of crystallisation what it may, it presents 
to us in appearance a near approach in inorganic nature 
to some of the pecuhar conditions of growth in the 
oi^anised creation. In one, we have the gradual pro- 
duction of parts and the formation of members due to 
peculiar powers of assimilation, each individual pre- 
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serving all its distinguishing features ; and in the other^ 
we have a regular order of cohesion occurring under the 
influence of a power which draws like to like, and 
arranges the whole into a form of beauty. 

This appears to be the proper place for correcting aa 
error too prevalent, relative to the formation of crystals, 
the development of cells, and the yet more fatal false- 
hood of referring the great phenomena of life to any 
of the physical forces with which we are acquainted. 

The Crystal ybr/w5, by the accretion of particle to 
particle, along lines determined by some yet unknown 
power. There is no change in the character of any 
particle — like coheres to l&e ; the first atom and the 
last of the series being identical in character. 

The Plant growSy not by the gathering together of 
similar particles of matter, but by the absorption of a 
compoond particle — ^by that one wluch must be regarded 
asiheprimary nuclear atom or cell. After this absorption 
— ^in virtue of a power which we call life, excited into 
action by light — the compound particle is decompoaed, 
and one constituent is retained to effect the formation 
of a new ceU, whilst the other is liberated as an invintde 
air. Here we have a change of chemical constitution 
effected ; and this takes place through the whole period 
of vegetable growth, from the development of the plu- 
mule up to the formation of the latest leaf upon the 
topmost branch of the most lordly tree. 

Life has been referred to electricity and to chemical 
power — ^as the effect of a known cause. Without doubt^ 
during the operations of life the whole of the physical 
powers are necessary to the production of all the pheno- 
mena of growth in the vegetable and the animal world. 
But these powers are ever subsidiary to vital force, and 
are like attendant spirits chained to do an enchanter's 
bidding. 

Life is a force beyond the reach of human search, and 
he who fancies he has a hold upon the principle which 
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produced biological phenomena^ has committed himself 
to as wild a pursuit as he who rashly endeavours to catch 
a morass-meteor. 

Subtile as are the forces of light, heat, and electricity 
— ^that of life, vitality, is infinitely more refined, and it 
must for ever elude the search of the philosopher. 

Man is permitted to test and try all things which are 
created^ and to apply to useful ends the discoveries which 
he may make. But man can never become a creator ; 
and he who would attempt to give sense to an inert mass 
of matter, by electricity, heat, or light, will prove him- 
self as ignorant of nature's truth as is the senseless mass 
upon wUch he works. 

'^So fiur shalt thou go, and no fiirther,'^ was said 
equally to the great tide-wave of himian intellect, as to 
ibie mi^ty sui^e of the earth-girdling ocean. 

It must not be forgotten that a striking difference 
exists between the productions of the mineral and the 
other kingdoms of nature. Animals and vegetables amve 
at maturity by successive developments, and increase by 
the assimilation of substances, having the power of pio- 
dndng the most important chemical changes upon such 
matter as comes within the range of their influence; but 
minerals are equally perfect in the earliest stages of dieir 
formation, and increase only, as previously said, by the 
accretion of particles* wiiliout their xmdergoing any 
diange. 

The animal and vegetable tribes cease to continue the 
fionctions of life : death ensues, and a complete disorga- 
nisation takes place; but this is not the case in the 
mineral world : the crystal being the result of a con- 
stantly acting force is not necessarily liable to decom- 
position. 

Nevertheless, we sometimes find in nature that crys- 
tals, after arriving at what may be regarded as, in some 
sort, their maturity, are, owing to a change of the con- 
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ditions under which they were formed, gradually decom- 
posed. In our mines we discover skeletons of crystals, 
and within the hollow shell thus formed, other crystals 
of a different constitution and figure find nuclei, and the 
conditions required for their development. Again, to 
give a striking instance, the felspar crystals of the 
granitic formations are liable to decomposition in a 
somewhat peculiar manner. In decomposing, these 
crystals leave moulds of their own peculiar forms, and it 
not unfrequently happens, in the stanniferous districts 
of Cornwall, that oxide of tin gradually fills these moulds, 
and we procure this metalHc mineral in the form of the 
earthy one. Then we have the curious instances of 
bodies crystalhsing in a false form under change of cir- 
cumstances. We find, for example. Pseudomorphism, (or 
false-form), as this class of phenomena is named, occur- 
ring by the removal of the constituent atoms of one 
crystal, while another set — ^which naturally assumes a 
d^erent form — takes their place, yet still preserving 
the original shape. It often happens that copper pyrites 
wiU, in this manner, exhibit the angles of an OT&nsxj 
variety of crystallised carbonate of iron. These curious 
changes may be familiarised by supposing a beautiful 
statue of gold, from which some skilful mechanic removes 
particle by particle, and so skilfully substitutes a grain of 
br^s for every one of gold removed, that the loss of the 
precious metal cannot be detected by any mere examina- 
tion of its form. 

Crystalline form is not strictly dependent upon the 
chemical nature of the parts forming the crystal. The 
same number of atoms, arranged in the same way, pro- 
duce the same form. Substances much unlike each 
other will assume the same crystalline arrangement. 
Magnesia, lime, oxide of cadmiimi, the protoxides of 
iron, nickel, and cobalt, combined with the same acid, 
present similarly formed bodies. These Isomorphic 
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{iike-form) * peculiarities are exceedingly common, and 
the discoverer of the phenomena, Mitscherlich, an- 
nounced the above law. It cannot, however, be regarded 
as a philosophical expression of the fact, and requires 
reconsideration — chemical elements of a dissimilar cha- 
racter may have the same law of aggregation, and thus 
produce ibe same form, without having any relation to 
the number of atoms. 

We also find compounds which have two distinct 
systems of crystallisation. This property. Dimorphism, 
is very strikingly shown in carbonate of Ume, which 
occurs in rhombohedrons, in calc spar, and in rhombic 

* " Gay Lussac first made the remark, that a ciystal of potash 
Alum, transferred to a solution of ammonia alum, continued to in- 
crease without its form being modified, and might thus be covered 
with alternate layers of the two alums, preserving its regularitv and 
proper crystalline figure. M. Beudant afterwai-ds observed that 
other bodies, such as the sulphates of iron and copper, might pre- 
sent themselves in ciystals or the same form and angles, although 
the form was not a simple one, like that of alum. But M. Mits- 
cherlich first recognised this correspondence in a sufiicient number 
of eases to prove that it was a general consequence of similarity of 
composition in difierent bodies.'* — Graham's Elements of Che- 
mittry (1842), p. 136. 

The following remarks are from a paper by Dr. Heimann Kop^ 
On the Atomic Volume and Crystalline Condi'ion of Bodies, ^c, 
published in the Philosophical Magazine for 1841 : — " The doctrine 
of isomorphism shows us that there are many bodies whicli pos- 
sess an analogous constitution, and the same crystalh'ne form. 
Our idea of the volume (or, in other words, of the crystalline form) 
of these bodies must therefore be the same. From this it follows 
that their specific weight is connected with mass contained in the 
'Same volume. From these considerations the following law may 
he deduced : The specific weight of isomorphous bodies is propor- 
tional to their atomic weight, or isomorphous bodies possess the same 
atomic volume/* — page 256. A translation appears in the Caven- 
dish Society, from Dr. Otto's Chemistiy, On Isomorphism, which 
may be advantageously consulted. See also a paper by M. Rose, 
translated from the Proceedings of the Royal Berlin Academy for 
the Chemical Gazette, Oct. 1848, entitled, On the Isomeric Condi- 
tions of the Peroxide of Tin. 
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prisms in arragonite. The molecular arrangements her& 
are not, however, of equal stability, and one form is 
evidently forced upon l^e other, and is abandoned by it 
on the slightest disturbance. When a prism of arra- 
gonite is heated it breaks up into the rhombs of common 
calc spar, at a temperature far below that at wbidi tte 
carbonate of lime is decomposed ; but no alteration of 
temperature can convert calc spar into arragonite. 

Crystals are found in the most microscopic character, 
and of an exceedingly large size. A crjrstid of quarts at 
Milan is three feet and a quarter Icmg, and five feet and 
a half in circumference, and its weight is 870 pounds. 
Beryls have been found in New Hampshire measuring' 
four feet in length.* 

In the dark recesses of the earth, where the influences 
which produce organisation and life cease to act, a 
creative spirit still pursues its never-ending task g£ giving 
form to matter. 

The science of crystallogeny,i- embracing the theoreti- 
cal and practical question of the causes producing these- 
geometric forms, has in various ways attempted to ex* 
plain the laws according to which moleciiles arruige 
themselves on molecules in perfect order, giving rise to* 
a rigidly correct system of architecture. But it cannot 
be said that any theory yet propounded is sufSdenily^ 
exact to embrace the whole of the known phenomena, 
and the questions, — ^What is crystaUogenic attraction, 
and what is the physical nature of the idtimate particles 
of matter, — are still open for the inquiries of that 
genius which delights in wrestliog with the secrets of 
nature. 

* A System nf Mineralopyi comprising the most recent discoveriet, 
by James D. Dana, A.M., New York, 1844. 

f Crystallogeny, or the formation of crystals, is the term em- 
ployed by Dana, in his admirable work quoted above: whose- 
remarks on Theoretical Crystallogeny, p. 71, are well worthy of ull 
attention 
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The great Epicurus speculated on the ^^ plastic nature'^ 
of atoms^ and attributed to this nature the power they 
possess of arranging themselyes into symmetric forms. 
Modem philosophers satisfy themselves with attraction, 
and, reasoning from analogy, imagine that each atom 
las a polar system. 

Electricity, and light, and heat, exert remarkable 
powers, and accelerate or retard crystallisation according 
to the omditions under which these forces are brought 
to bear on the crystallising mass. We have recently 
obtained evidence which appears to prove that some form 
of magnetism has an active influence in determining the 
natural forms of crystals, and we discover that magnetism 
exerts a peculiar influence in relation to the optic axes of 
Cfystals, which is not exerted in lines at right angles to 
tibese. Electricity appears to quicken the process of 
crystalline a^regation — to collect more readily tc^ether 
tbme atoms which seek to combine — ^to bring them all 
wi&in the limits of that* influence by which their sym- 
metrical forms are determined ; and strong evidence is 
now afforded, in support of the theory of magnetic 
pdarity, by the refin^ investigations of Faraday and 
FtedLcr, which prove that magnetism has a directmff 
infiuence xipon crystalline bodies.^ 

It lias been found that crystals of sulphate of iron, 
dofwlj forming from a solution which has been placed 
within the range of sufficiently powerful magnetic force, 
dispose themselves along certain magnetic curves, such 
as are formed around a magnet by steel filings ; whereas 
the crystals of the Arbor Dianse, or silver tree, fcHrming 

* Ontke Magnetic Relaiions of the Positive and Negative Optic 
Ame$ €f Crystals, by Professor Piuoker, of Bonn.— Philosophical 
Magazine, No. 231 (3rd Series), p. 460. ExperimeiUal Researches 
as Eledricity J On the Crystalline Polarity of Bismuth and other 
bodies, and on its Relation to the Magnetic form of Force: by 
Micfaael Faraday, Esq., F.R.S.^Transaction8 of the Boyal Society 
for 1848 
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under the same circumstances, take a position nearly at 
right angles to these curves. Certain groups of crystals 
have been found in nature, which appear to show, by 
their positions, that terrestrial magnetism has been active 
in producing the phenomena they exhibit; indeed, 
nearly all our mineral formations indicate the influences 
of this, or some similarly acting power.* 

During rapid crystallisation, some salts — ^as the sul- 
phate of soda, boracic acid, and arsenious add crystallis- 
ing in muriatic acid — exhibit decided indications of 
electrical excitement ; light is given out in flashes. We 
have evidence that crystals exhibit a tendency to move 
towards the light, and that crystallisation takes place 
more readily, and progresses with greater activity in the 
sunshine than in the shade. Professor Plucker has 
recently ascertained that certain crystals — ^in particular 
the cyanite — " point very well to the north, by the mag- 
netic power of the earth only. It is a true compsiss 
needle ; and, more than that, you may obtain its decli- 
nation." We must remember that this crystal, thi^ 
cyanite, is a compound of silica and alumina only. This 
is the amount of experimental evidence which science has 
afforded in explanation of the conditions under whidi 
nature pursues her wondrous work of crystal formation. 
We see just sufficient of the operation to be convinced 
that the luminous star which slunes in the brightness of 

* In the Memoirs of the Geological Survey of the United King' 
dom, and of the Museum of Economic Geology, vol. i. 1840, will be 
found a paper, by the author of this volume, On the Influences of 
Magnetism on Crystallisation, and other Conditions of Matter, in 
which the subject is examined with much care. See also MagnSt- 
isme polaire d^une montagne de Chlorite schisteuse et de Serpentine : 
Annales de Chimie, vol. xxv. p. 327 ; Influence du Magnktisme swr 
les actions chimiques, by 1' Abbe Rendus ; and also a notice of the 
experiments of Kitter and Hansteen, " Analysees par M. CEreted;** 
also Effets du Magnktisme terrestre sur la precipitation de V Argent, 
observis par M. Muschman: Annales de Chimie, vol. xxxviii. p. 
196—201. 
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Heaven^ and the cavern-secreted gem, are equally the 
lesnlt of forces which are known to ns in only a few of 
flieir modifications. 

Every substance, when placed under circumstances 
whicli allow of the free movement of its molecules, has 
a tendency to crystallise. All the metals may, by slowly 
cooling from the melting state, be exhibited with a crys- 
talline structure. Of the metallic and earthy minerals, 
nature famishes us with an almost infinite variety of 
crystals, and, by a reduction of temperature, yet more 
rimple bodies assume the most symmetric forms. Water, 
in the conditions of ice and snow, is a famiUar and beau- 
fcifial example ; and, by such extreme degrees of cold as 
are artificuJly produced, many of the gases exhibit a 
tendency to a crystalline condition. 

May not the soKd elementary atoms be susceptible of 
diange of form under different influences ? May not 
the different states under which the same bodies are 
found — as, for example, silica, carbon, and iron — ^be due 
entirely to a change in the form of the primitive atom ? 

Adinitting the probability of this, we then easily see 
that the central molecule, formed of an aggregation of 
such atoms, uniting by particular faces, woidd present a 
determinate form ; and that the resulting crystal, a mass 
of such molecules, cohering according to a given law, at 
certain angles, would present such geometric figures as 
we find in nature, or produce in our laboratories, when 
we avail ourselves of processes which nature has taught 
us. 

If we take a particle of marble, and place it in a large 
qnantiiy of water acidulated with sulphuric acid, it 
dissolves, and a new compound results. The marble 
disappears — ^the eye cannot detect it by form or colour : 
the acid also has been disguised — ^the taste discovers 
nothing soiu* in the fiuid. We have, in combination 
with the water, the lime and sulphuric acid ; but that 
combination appears to the eye in no respect different 
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from the water itself. It is colourless and perfectlf 
transparent^ although it holds a mass of solid mattor 
Tvhich previously would not allow of the permeation of 
a ray of light. Let us expose this fluid to such circmn- 
stances that the water will slowly evaporate, and we- 
shall find forming in it^ after a time, microscopic par- 
ticles of soUd, light-refracting matter. These partida^ 
gradually increase in size, and we may wat^ their 
growth imtil eventuaUy we have a symmetric figme,. 
beautifully shaped, the primary form of which is a li^ 
rhomboidal prism. Thus in nature, by the action^ in 
all probability, of vegetable matter on the sulphates held 
in solution by the water of the great rivers and ite 
ocean — aided by our oxidizing atmosphere — sulphnm 
acid is produced to do its work upon tiie limestone fiou 
mations, and from this combination would result the 
well-known gypsum, or plaster of Paris, which oxdi» 
narily exists as an amorphous mass, but is often found 
in a oystaUine form.* 

This is a very perfect illustration of the wonderful 
process we have been considering, and in which, simple 
though it appears to be, we have set to work a large 
proportion of the known physical elements of the 
universe. By studying aright the result which we have 
it in our power to obtain in a watch-glass, we may 
advance our knowledge of gigantic phenomena, whidi 
are now progressing at the bottom of the ocean, or of 



* The transparent varieties of sulphate of lime are distingiiished 
by the name Selenite ; and the fine massive varieties are called 
Alabaster. Gypsum forms very extensive beds in secondary 
countries, and is found in tertiary deposits; occasionally, in 
primitive rocks; it is also a product of volcanoes. The finecft 
loreigQ specimens are found in the salt mines of Bex, in Switzer* 
land ; at Hall, in the Tyrol ; in the sulphur-mines of Sicily ; and 
in the gypsum formation near Ocana, in Spain. In England, the 
clay of Shotover Hill, near Oxford, yields the largest crystals. — See 
Dana's Mineralogy, second edition, p. 241, 
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wrondrous agencies which are in operation, producing 
;-refracting gems within the secret recesses of the 
J crust of oiu" globe. 

he force of crystallisation is a subject worthy of 
h consideration. If we examine our slate rocks, 
ugh which httle veins filled with quartz crystals 

spread, we shall see that the mechanical force 
•ted during the production of these crystals has 
1 capable of rending those rocks in every direc- 
L Those fissures formed by the first sy tsem of crystal- 
i Teins, in order of time, are filled in by another set 
lystalline bodies, which equally exert their meehani- 
pcywer, and thus produce those ciurious intersections 

dislocations which were long a puzzle to the geo- 
sL The simplest power, slowly and constantly 
og through a long period of time, may become 
cient, eventually, to rend the Andes from base to 
unit, or to lift a new continent above the waters of 
oeean. 
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CHAPTER YI. 



olar and Terrestrial Heat— Position of the Earth in the Scdar 
System — Heat and Light associated in the Sunbeam- 
Transparency of Bodies to Heat — Heating Powers of the 
Coloured Kays of the Spectrum— Undulatory Theory — 
Conducting Proper t}^ of the Earth's Crust— Con vectioB^ 
Eadiation — ^Action of the Atmosphere on Heat Bays— 
Peculiar Heat Kays — Absorption and Eadiation of Heat by 
dissimilar Bodies — Changes in the Constitution of Solar 
Beam — Differences between Transmitted and Keflected Solar 
Heat— Phenomena of Dew — ^Action of Solar fleat on the 
Ocean — Circulation of Heat by the Atmosphere and tbe 
Ocean — Heat of the Earth — Mean Temperature— Central 
Heat — Constant Eadiation of Heat Eays from all Bodiee— ' 
Thermography — Action of Heat on Molecular Arrangem«its ^ 
— Sources of Terrestrial Heat — Latent Heat of Bodies — Ji 
Animal Heat — Eremacausis — Spheroidal State Cold — j 
Condensation — Freezing — Theories of Heat— Natural Phe- . 
nomena— and Philosophical Conclusion. 

We receive heat from the sun, associated with light ; and 
we have the power of developing this important princijde > 
by physical, mechanical, and chemical excitation, firom j, 
every kind of matter. Om* convictions are, that the . 
calorific element, whether derived from a solar or a 
terrestrial source, presents no essential difference in it& . 
physical characters ; but as there are some remarkable ^ 
peculiarities in the phenomena, as they arise from ^ 
either one or the other source, it will assist our compre- ■ 
hension of this great principle, if we consider it under 
the two heads. 

Untutored man finds health and gladness in the 
warmth and light of the sun ; he rears a rugged altar^ 
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and bows his soul in prayer, to the principle of fire, 
which in his ignorance he regards as the giver and the 
supporter of life. The philosopher finds life and organi- 
zation dependent upon the powers combined in the 
sunbeam; and, examining the phenomena of this 
wonderful band of forces, he is compelled to acknow- 
ledge that the flame upon the altar — on theJPersian 
hills, — ^was indeed a dim shadow of the infinite wisdom 
which abides behind the veil. 

The present condition of our earth is directly depen- 
dent upon the amount of heat we receive from the sun. 
It has frequently been said, that if it were possible to 
move this planet so much nearer that orb that the 
quantity of heat would be increased, the circimistances 
of life would necessarily be so far changed, that all the 
present races of animals must perish; and that the 
same result would happen from any alteration which 
flirew us yet ftirther from our central luminary, when, 
Ofwing to the extremity of cold and the wretchedness of 
gloom, all living creatures would equally fail to support 
their organization. 

To move the earth nearer to, or more distant from 
the sun, is an impossibility ; but it has been argued 
that those planets which are near to the sun must pos- 
sess a temperature which would melt our solid rocks, 
and vaporize the ocean, — ^while Uranus and Neptune 
must, from their distance from the source of heat, have 
80 small an amount, that water must become solid as 
^the rock, and such an atmosphere as that of the earth 
exist as a dense Uquid. 

It wiU be shown that according to the physical con- 
dition of the material substances, so are their powers regu- 
lated of absorbiQg and retaining the heat which falls as a 
radiant power upon their surfaces. Heat rays, in passing 
through the attenuated medium of planetary space, lose 
none of their power — ^this we know from the fact that even 
the less dense upper region of the earth's atmosphere 
takes from the solar rays but an exceedingly small 
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quantity of heat. Therefore, whether a soku* heat ray 
traverses through one million, or one hundred million 
miles of space, it still retains its power equally of 
imparting warmth to the solid matter by which it 
is intercepted. There is no law of variation as the 
inverse square of the distance of those radiating powers. 
Consequently, there is no reason why the physical con- 
ditions, alike of the nearest and the most remote 
planetary bodies, should not be so adjusted that thqr «11 
enjoy thkt life promoting temperature which belongs to 
the earth. 

All the objects around us are adapted to the circum- 
stances of the earth's position in relation to the sun,' to 
which we are bound by the principle of gravitation; 
opposed to that centrifdgal force which tends constantly 
to drive the moving planetary mass off from the centxe 
of power. The balance maintains its perfect equilibrium^ 
although we have one power constantly drawing the 
earth towards the sun, and the other as constantly 
exerting itself to move it off into space at a tangent to 
the orbit in which the planet moves. In our examina- 
tion it will be found that one common system of harmony 
runs through all the cosmical phenomena, by which 
everything is produced that is so beautiful and joyous in 
this world. 

Heat, and the other elementary radiant principles, 
are often combined as the common cause of effects 
-evident to our senses. The warmth of the solar rays, 
and their luminous influence, are not, however, com- 
monly associated in the mind as the results of a 
single cause. It is only when we come to examine the 
physical phenomena connected Avith these radiations 
that we discover the complexity of the inquiry. Yet it 
is out of these very subtle researches that we draw the 
most refined truths. The high inferences to which the 
analysis of the subtile agencies of creation leads us, 
render science, pursued in the spirit of truth, a great 
fiystem of religious instruction. 
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Ithough we do not fear that heat and light can be 
bunded in the mind, so different are their pheno- 
&, — ^we have heat rays, as from dark hot iron, 
ih give no light, while in the fiill flood of the lunar 
t the heat is scarcely appreciable by the most delicate 
nunents ; — ^yelf it is important to show how far these 

principles have been separated from each other. 
Qsparent bodies have varied powers of calorific trans- 
3ncy, or transcalescence : some obstructing the heat 
iatcd from bodies of the highest temperatures almost 
rely even in the thinnest layers ; whilst others will 
IT the warmth of the hand to pass through a thickness 
everal inche^. Liquid chloride of sulphur, which is of 
«p red colo^, will allow 63 out of 100 rays of heat 
lass, and i/solution of carmine in ammonia, or glass 
aed with oxides of gold, or copper, rather a greater 
iber; yet these transparent media obstruct a large 
otify of light. Colourless media obstructing scarcely 
light, will, on the contrary, prevent the passage of 
rific rays. Out of every hundred rays, oil of tui^en- 
will only transmit 31, sulphuric ether 21, sulphuric 

17, and distilled water only 11. Pure flint glass, 
ever, is permeated by 67 per cent, of the thermic rays, 
crown glass by 49 per cent. The body possessing 
tnost perfect transparency to the rays of heat is diapha- 
) salt-rock, which transmits 92, while alum, equally 
jducent, admits the passage of only 12 per cent.* 

The following table of the rays penetrating coloured glass has 
given by Melloni, in his memoir On tie Free Transmission of 
mU Heat through Different Bodies : — 

> violet . 

}wish red (flaked) 

)le red (flaked) 

ired 

violet 

ige red 

rhlue . . c „ .^ 

Translated in the Scientifie Memoirs, vol. i. p. 30. 
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Deep yellow . 


40 


53 


Bright yellow 


34 


51 


Golden yellow 


33 


47 


Deep blue 
Apple green . 


33 


45 


26 


44 


Mineral green 


23 


42 


Very deep blue 


19 
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Black mica^ obsidian^ and black glass^ are nearly- 
opaque to light, but they allow 90 per cent, of radiant 
heat to pass through them ; whereas a pale green glass, 
coloured by oxide of copper,* covered with a Uyer rf 
water, or a very thin plate of alum, will, although 
perfectly transparent to light, almost entirely obstruct 
the permeation of heat rays. 

* " The physical characters of this species of glass, which 
acts so differently I'rom the other species of coloured glass ia sU 
the phenomena of calorific ahsorption, are,. 1st, its interoepting: 
almost totally the rays which pass through alum ; 2nd, its entirely 
absorbing the red rays of the solar spectrum. I have already 
stated that their colouration is produced almost entirely by the 
oxide of copper. 

" Thus, the coloming matters of the coloured glasses, while 
they so powerfully affect the relations of quantity which the dif- 
ferent rays of ordinary light bear to each other, exercise no elec- 
tive action on the concomitant caloiifio rays. This curious 
phenomenon is the more remarkable as the colouring matters- 
absorb almost always a very considerable portion of the heat 
naturally transmitted by the glass. The following are, in fact, the 
calorific transmissions of the seven coloured glasses referred to ; 
t')e transmission of the common glass being i-epresented by 
100; red glass, 82"5; orange, 72'5; yellow, 55; bluish-green, 
57.5; blue, 52*5; indigo, 30; violet, 85. The quantity of 
]ieat absorbed through the action of the colouring substances is, 
therefore, 17.5 in the red glass, 27.5 in the orange, 45 in the- 
Yellow, 12-5 in the green, 47*5 in the blue, 70 in the indigo, 
and 15 in the violet. Now, as these absorptions extinguish Jt 
l>roportional part of each of the rays which constitute the calo- 
rific stream transmitted by common glass, they may be comparedr 
ns we said before, with the absorbent action exercised on light 
by matters more or less deeply brown or dark, when they are 
immersed in water, or some other colomiess liquid which dis- 
solves, but does not affect them chemically." — Annates de Ckimie 
€t de Physique, torn. xl. p. 382. 

Guided by these principles, the author selected the glass 
c/>i ployed in glazing the Koyal Palm-House, at Kew Botanical 
Uardeus, where it was desired to obstruct the passage of those 
jiivs which have a particular scorching influence. Of this glass 
a description was given at the meeting of the Biitish Association 
at Oxford, which appeal's in the Transactions for that year. The 
i*esnlt has been all that could be desired — not a single instance of 
scorching having ocouri-ed during the three years which have elapsed* 
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We thus arriTe at tte fact that heat and light may be 
sqparated from each other ; and if we examine the solar 
hoLTn. hj that analysis which the prism affords^ we shall 
find that there is no correspondence between intense 
light and ardent heat. By carefdl observation, it has 
heen proved, when we have a temperature of 62° P. in the 
yellow ray, which ray has the greatest illuminating power; 
that below the red ray, out of the point of visible light, 
the temperature is found to be 79°, while at the other end 
of the spectrum, in the blue ray, it is 66°, and at the end 
of the violet ray no thermic action can be detected.* 

From the circumstance, that as we, by artificial 
means, raise the temperature of any body, and produce 
intense heat, so after a certain point of thermic elevation 

* In the Philosophical Transactions^ vol. x.c., the following 
papers, by Sir William Herschel, may be consulted : — 

Imviiiigation qf the powers of the prismatic colours to heat and 
Ubmsmaie objects; with remarks that prove the different re- 
frmufUnlity of radiant heat. To which is added, an inquiry into 
the wkethod of viewing the sun advantageously , with telescopes of 
large apertures and high magnifying powers, p. 255. Expert- 
wumU on the rtfrangibility of the invisible rays of the sun, p. 284. 
Emperiments on the solar and on the terrestrial rays that ocoa- 
eion heat; with a comparative view qf the laws to which light 
and heat, or rather the rays which occasion them, are subject, in 
order tb determine whether they are the same or d^erent, 
pp. 293, 437. 

In connection with this inquiry, Sir William Herschel remarks, 
that since a red glass stops no less than 692 out of 1,000 such 
rays as are of the refrangihility of red light, we have a direct 
and simple proof, in the case of the red glass, that the rays of 
light are transmitted, while those of heat are stopped, and that 
thus they have nothing in common but a certain equal degree of 
r^Krangibility, which by the power of the glass must occasion 
them to be thrown together into the place which is pointed out to 
Qfl by the visibility of the rays of light 

On the same subject, a Memoir, by Sir Henry Englefield, in 
the Journal of the Royal Institution for 1802, p. 202, may 
be consulted ; and Researches on Light, by the Author. 
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has been obtained, we occasion a manifestation of light. ^ 
It has been concluded, somewhat hastily, that heat and 
light differ from each other only in the rapidity of the 
undulations of an hypothetical ether. 

It must be admitted that the mathematical demon- 
strations of many of the phenomena of calorific and 
luminous power are sufficienlty striking to convince ns 
that a wave-movement is common to both heat and 
light. The undulatory theory, however, requires the 

* Dr. Draper, On tlie production of light by heat, in the PyL 
Mag. for 1847. 

Sir Isaac Newton fixed the temperature at which bodies be- 
come self-luminous at 635° ; Sir Humphry Davy at 812** ; Mr. 
Wedgewood at 947°; and Mr. Danlell at 980®; whilst Dr. 
Draper from his experiments gives 977°; and Dr. Robinson 868^. 

In a review of the above paper by Melloni, entitled Researeket 
on the Radiations of Incandescent Bodies, and on the Elememiary 
Colours qf the Solar Spectrum^ translated for Silliman*s Journal 
for August, 1847, he remarks :— 

**I say that they conduct, as do others heretofore known on 
light and radiant heat, to a perfect analogy between the general 
laws which govern these two great agents of nature. I will add 
that I regard the theory of their identity as tho only one admis- 
sible by the rules of philosophy ; and that I consider myself 
obliged to adopt it, imtil it shall have been proved to me that 
there is a necessity of having recourse to two different princi- 
ples, for the explanation of a series of phenomena which at pre- 
sent appear to belong to a solitary agent.'* 

Reference should also be made to a paper by Dr. Robinson, 
On the effects of Heat in lessening the 4ffiniti€S of the BlemmUs 
of Water, in the Transactions of the Royal Irish Academy, 
1848, where he says that " when a platinum wire is traversed by 
a current gradually increased till it produces ignition, the first 
gleam that appears is not red, but of a colour which, when I 
fii-st saw it, 1 compared to the * lavender ray ' discovered by Sir 
John Herschel beyond the violet^ though I was surprised at 
seeing the tint of that most refrangible ray preceding the ray 
which is least so. Jt is quite conspicuous at about 865° ; and 
as the mode in which it makes its appearance presents nothing 
abrupt or discontinuous, it seems likely that it* is merely a 
transition from invisible rays excited at a lower temperature 
to ordinary light."— p. 310. 
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admission of so many premises of which we have no 
piroof ; its postulates are^ indeed^ in many cases so 
gratuitous^ that notwithstandiag the array of talent 
which stands forward in its support^ we must not allow 
ourselyes to be deceived by the deductions of its advo- 
cates, or dazzled by the brilliancy of their displays of 
lean^bg. 

Radiant heat appears to move in waves; but that 
calorific effects in material bodies are established by any 
system of undulation^ is a deduction without a proof ; 
and the thermic phenomena of matter are as easily ex- 
plained by the hypothesis of a difiusive subtile fluid. 

We have not, however, to prove the correctness of 
either of the opposiog views; indeed, it is acknowledged 
that many phenomena require for their explanation 
conditions which are not indicated by either theory. 

The earth receives its heat from the sun ; a portion of 
it is conducted from particle to particle into the interior 
of the rocky crust. Another portion produces warmth 
in the atmosphere around us, by convection, or the 
circiilation of particles ; those warmed by contact with 
the surface becoming lighter, and ascending to give 
place to the colder and heavier ones. A third portion is 
radiated off into space, according to laws which have 
not been sufficiently investigated, but which are depen- 
dent upon the colour, chemical composition, and mecha- 
nical structure of the surface. 

It cannot but be instructive to contemplate the 
indications which we have of the dependence of all that 
IB beautiful on earth, on the heat and light radiations 
which we receive from the sun. Let us endeavour to 
realise some of the effects which arise from even the 
temporary deprivation of solar heat. • 

It is winter, the vegetable world appears chilled to its 
centre. The trees, except a few of the hardy evergreens, 
are bare of leaves, and stretching forth their branches 
into the cold air, they realise the condition of vegetable 



70 THE SEASONS. 

skeletons. The lowly plants of the hedge-row, and the 
grasses of the field, show that their vital power is subdued 
to that minimum degree of action which is but a few 
slight removes from death. The life of the running 
stream is suspended, it is ca^ed in the "thick-ribbed 
ice/^ and the waters beneath no longer send forth their 
joyous music to the genial breeze. Even within the 
temperate limits of our own land, the aspect of winter 
convinces the ordinary observer, that the loss of heat 
has been followed by diminished activity in ^he powers 
of life ; and the philosopher discovers that the lessened 
energies of solar light, and the weaker action of the 
radiant heat, have aided in producing that repose which 
is a little more than sleep — a Uttle less than death. 

It is night, and winter : the earth is parting with its 
heat, — with the absence of light, there is a still greater 
loss of vigour, a yet further diminution of the powers of 
life. Even the animal races, sustained by vital influ- 
ences of a more exalted kind, sink under the temporary 
deprivation of the solar rays to a monotonous, a melan- 
choly repose. All animals undergo different degrees of 
hybernation, and each in his winter retreat supports 
vitality by preying upon himself. The world is himg in 
mourning black ; there is no play of colours to harmonize 
the human spirit by sending their ethereal pulsations to 
the human eye, and it is only the consciousness that 
when the night is at the darkest, the day is nearest, 
that even man^s soul is sustained against the depressing 
influences of the absence of the sun. 

The conditions which we must observe at our own 
doors cannot fail to convey as a conviction to the least 
imaginative mind, that a slightly prolonged continuance 
of darkness, with its consequent increase of coldness, 
would be fetal to the existence of the organic world. 

The Sim has entered Aries : it is spring. ' The length 
of the day and night are equal, the powers of light and 
darkness are now exactly balanced against each other. 
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^Udd lights like the Archangel^ triumphs over the sombre 
spirit. The organic world awakes. Chemical action 
commences in the seed^ the vital spark is kindled in the 
embryo^ and imder the impulsive force of some solar 
radiations the plant struggles into light and life. The 
same invigorating force impels the circulation of the sap 
through the capillary tubes of the forest tree, until the 
topmost branch trembles with the new flow of life. The 
buds burst forth into leaf, and a fresh and lively covering 
spreads over those branches which, in their nakedness, 
could scarcely be distinguished from the dead. 

The animal races are no less sensible of the new 
influence which is diffiised aroimd. The birds float 
joyously upon the breeze, and give to heaven their 
trilling songs of praise. The beasts come forth from 
the clefts of the rocks and the tangled shelters of the 
forests, and gambol in the fidl luxury of their renewed 
vigour. Man, even man, the inhabitant of cities, 
trained and tempered to an artificial state, awakes of a 
qpring morning with a fuller consciousness of mind, and 
a deeper and more pleased sense of his intelligence, 
than when the fogs and gloom of winter hung like the 
charmed robe upon the limbs of the giant. Now, the 
dormant poetry of man seeks expression. As the 
morning sun is said to have slwakened the musical un- 
dulations of the Memnonian statue, so the sun of the 
vernal morning produces in the mind of the most 
earthly, feint pulsations of that heaven-bom music, which 
neither sin nor sorrow can entirely destroy. The psy- 
chologist, in studying the peculiar phenomena of the 
human mind, must associate himself with the natural 
^lilosopher, and learn to appreciate the influence of 
physical causes in determining effects which oiu* elder 
philosophers and the poets of every age have attributed to 
^nritual agencies. 

Rummer, with its increased heat and light, reigns over 



73 PHENOMENA OF THE SEASONS. 

the land. The work of life is now at its maximum^ and 
every energy is quickened throughout the oi^anic 
creation. The laws of nature are arranged on the 
principle of antagonistic forces, the constant struggle to 
maintain them in equilibrium constituting the sensible 
phenomena of existence. Heat and light, with chemical 
power and electricity, have been quickening the un- 
known principle of fife, until it has become exhausted 
in the production of new parts — in the strange pheno- 
menon of growth — ^the formation of organized matter 
from the inorganic stores of creation. 

The autumn, with its tempered sunlight, comes, but in 
the solar radiance we discover new powers, and under 
the influence of these the flower and the fruit have 
birth. The store of a new life is centered in the seed, 
and though the leaf falls, and the flower fades, a new set 
of organisms are produced, by which the continuance of 
the species is secm*ed. 

Let any man examine himself as the seasons change, 
and he will soon be convinced that every alternation of 
ight and darkness, of heat and its absence, produces new 
sets of influences equally on the mind and on the body, 
showing the entire dependence of the animal and 
vegetable kingdoms upon those causes which appear to 
flow from the centre of our planetary system. 

The phenomena which connect themselves with the 
changes of the seasons cannot fail to convince the most 
superficial thinker that there is an intimate connection 
between the s\m and the earth which deserves our close 
attention. 

Indeed, if we examine the most ancient of histories, 
we find one great fact at the base of all their philoso- 
phies. Moses connects darkness with a void and formless 
earth, and light with the creation of harmony and life. 
Mcnis sings of a fearful world by " many formed dark- 
ness encircled,^^ and links the idea of a ^^ life-breathing 



M 



ABSORPTION OF CALORIC BY THE AIR. 73 

divinity '' with the awakening of h'ght upon created 
things. The Egyptian Isis, the Grecian Apollo, who. 

The Lord of boundless light 

Ascending calm o'er the empyrean sails, 

And with ten-thousand beams his awful beauty veils, 

the fire-worshipper of the Persian hills and the sun- 
god of the Peruvian mountains, exhibit, through time 
and space, the fiill consciousness of man to the influences 
of solar light and heat upon the organic creations of 
which he is himself the chief exemplar. 

The investigations of modem philosophers have ex- 
tended these influences to the inorganic masses which 
constitute the Planet Earth : — and we now know that 
the physical forces, ever active in determining the 
chemical condition and the electrical relations of matter, 
are directly influenced by the solar radiations. 

Pew things within the range of our iuquiry are more 
striking than the phenomena of calorific radiation and 
abflorption. They display so perfectly the most refined 
system of order, and exhibit so strikingly the admirable 
idaptation of every formation to its particular con- 
ditions, and for its part in the great economy of being, 
that they claim most strongly the study of all who would 
seek to discover a poetry in the inferences of science. 

Owing to the nature of our atmosphere, we are pro* 
tected from the influence of the full flood of solar heat. 
Hie absorption of caloric by the air has been calculated 
at about one-fifth of the whole in passing through a 
eitlnmn of 6,000 feet. This estimate is, of course, made 
near the earth^s surface ; but we are enabled, knowing 
the increasing rarity of the upper regions of our gaseous 
envelope in which the absorption is constantly diminish- 
ing, to prove, that about one-third of the solar heat is 
lost by vertical transmission through the whole extent of 
oor atmosphere.* 

♦ In the Balerian Lecture for 1842, On the transparency of the 



74 ABSORPTION OF CALORIC BY THE AIR* 

Experienee has proved that the conditions of the 
sim^s rays are not always the same ; and there are few 
persons who have not observed that a more than usual 
scorching influence prevails under some atmospheric 
circumstances. This is also evidenced in the effects 
produced on the foliage of trees, which, though often 
attributed to electricity, is evidently due to heat. An 
examination of the solar radiations, as exhibited in the 
prismatic spectrum, has proved the existence of a chun 
of heat rays, which manifest themselves by a very pecu- 
liar deoxidizing power quite independent of their caloric 
properties, to which the name of parathermic rays 
has been given.* We are protected from the severe 

Atmosphere, and the law of extinction of the solar rays in pa$tin§ 
through it, by James D. Forbes, Esq., F.R.S., &c., will be round a 
most complete Investigation of this subject 

The experiments were, for the most part, made in Switzerland 
with Sir John Herschel's actinometer, and they prove satis- 
factorily, — " That the absorption of the solar rays by the strata 
of air to which we have immediate access, is considerable in 
amount for even moderate thicknesses.'* 

* After referring to several curious and instructive experiments, 
in which peculiar chemical changes are producied under the influ- 
ence of the solar rays by their Heat, Sir John Herschel says i — 

'* These rays are distinguished from those of Light by being 
invisible ; they are also distinguished from the pure calorific rays 
beyond the specjtrum, by their possessing properties {of a peculiar 
character, referred to in former papers) either exclusively of the 
calorific rays, or in a much higher degree. They may perhaps not 
improperly be regarded as bearing the same relation to the calorific 
s})ecti'um which the photographic rays do to the luminous ones. 
If the restriction to these rays of the term thermic, as distinct 
from calorific, be not (as I think, in fact, it is not) a sufficient 
distinction, T would propose the term parathermic rays to designate 
them. These are the rays which I conceive to be active in pro- 
ducing those singular molecular affections which determine the 
precipitation of vapours in the experiments of Messrs. Draper, 
Moser, and Hunt, and which will probably lead to important dis- 
coveries as to the intimate nature of those forces resident on the 
surfaces of bodies, to which M. Dutrochet has given the name of epi- 
polic forces." — Oti certain improvements in Photographic Processes, «- 
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effects of these rays by the ordinary state of the medium 
through which the solar heat passes. Our atmosphere 
is a mixture of gases and aqueous vapour ; and it has 
been founds as ah*eady stated, that even a thin fihn of 
water, however transparent, prevents the passage of many 
calorific radiations, and the rays retarded are, for the 
most part, of that class which have this peculiar scorch- 
ing power. The air is, in this way, the great equaliser 
of the solar heat, rendering the earth agreeable to all 
animals, who, but for this peculiar absorbent medium, 
would have to endure, even in our temperate clime, the 
boming rays of a more than African sun. 

The sm&ce of the earth during the sunshine — and, 
though in a less degree, even when the sun is obscured 
by doads — ^is constantly receiving heat ; but the rate of 
its absorption varies. Benjamin Franklin showed, by a 
set of simple but most conclusive experiments, that a 
piece of black cloth was warmed much sooner than cloth 
of a lighter colour;* and we know, from observations 
of a similar class, that the bare brown soil receives heat 
more readily than the bright green grassy carpet of the 
earth. Consequently, during the winter season, rela- 

icnbedin a former communication (Phil. Trans, vol. cxxxiii.); and 
On the Paraikermie Rays of the Solar Spectrum, Phil. Trans, vol. 
cxxxiv. 

The experiments of Mrs. Somerville, On the Action of the Rays 
of the Spectrum on Ver/etable Juices (Phil. Transactions, vol. 
cxxxvii.), appear to connect themselves with this particular class 
of rays in a curious manner. 

* JExperiments on the influence of heat on differently-coloured 
bodies were first made hy Dr. Hooke ; and it was not until long 
after that Franklin made his ingenious experiments. Davy exposed 
to sunshine six equal pieces of copper, painted white, yellow, red, 
green, blue, and black, in such a manner that one side only was 
maminated, To the dark side Jie attached a bit of cerate, ascer- 
tiioed by experiment to melt at 700, The cerate attached to the 
black became fluid first, the blue next, then the green and red, and 
lastly the yellow and white. — Beddoes's Contributions to Physical 
Knowiedge, and collected works of Sir Humphry Davy, vol. ii. p. 27. 
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tively to the quantity poured from its source^ m(Nre heat 
penetrates the uncovered soil^ than during the spnng 
or summer. 

There is a constant tendency to an equilibrium ; andj 
during the nighty the surface is robbed of more heat, by 
the colder air, than by day ; as, when the earth is not re- 
ceiving heat, it is constantly radiating it back into space. 
Even in these processes of convection and radiation, a 
similar law prevails to that which is discovered in examin* 
ing into the rate of calorific absorption. 

Every tree spreading its green leaves to the sunshine, 
or exposing its brown branches to the air — every flower 
which lends its beauty to the earth — ^possesses different 
absorbing and radiating powers. The chalice-like cup 
of the pure white lily floating on the lake — the vari^atod 
tuhp — ^the brilliant anemony — the delicate rose — and the. 
intensely coloured peony or dahlia — ^have each powers 
peculiar to themselves for drinking in the warming life- 
stream of the sun, and for radiating it back again to the 
thirsting atmosphere. These are no conceits of a mssk-^ 
tific dreamer ; they are the truths of direct induction ; 
and, by experiments of a simple character, they may be 
put to a searching test.* 

A thermometric examination of the various coloured 
flowers, by enclosing a delicate thermometer amongst 
their leaves, will readily establish the correctness of tihie 
one ; and by a discovery of recent date, connected with 
calorific racQation, which must be particularly described 
presently, we can, with equal ease and certainty, test the 

* By reference to the Treatise on Heat, in the Encyclopedia 
Metropolitana, numerous suggestive experiments will be found, aJI 
bearing on this subject. PescheFs Elements of Physics may also 
be consulted with advantage. The fact is, however, simply proved, 
as stated in the text, by placing the bulbs of delicate thermometers* 
so as to be completely involved in the petals of flowers exposed to 
sunshine, shading the upper portion of the stem of the instrument. 
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tnith of the other ; * the absorption and radiation of 
heat being directly regulated by the colours of the snr- 
faoes upon which the sun rays fall. 

It follows^ as a natural consequence of the position of 
the snn^ as it regards any particular spot on the earth at 
a given time^ that the amount of heat is constantly vary- 
ing during the year. This variation regulates the 
seasons. 

When it is remembered that the earth is, in the 
winter, nearly three miUions of miles nearer the sun 
than in the summer, some explanation is required to 
account for our suffering more cold when nearer the 
source of heat, than when at the remotest distance. 

The earth in her path around the sun describes an 
dlipae, the sun^s place being one of its foci. In obe- 
dienoe to the law, already described, of the conservation 
of the axis of rotation, the axis of the earth constantly 
pcnnts towards the star in the constellation of the 
Little Bear. Recollecting this, and also the two facts, 
that a dense solid body absorbs heat more readily than 
a fluid one, and that radiation jfrom the surface is con- 
stantly going on when absorption is not taking place, 
let us follow the earth in her orbit. 

It is the time of the vernal equinox — ^we have equal 
day and night — therefore the periods of absorption and 
radiation of heat are aUke. But at this time of the year 
the southern hemisphere is opposite to the sun, conse- 
quently the degree of absorption by the wide-spread 
oceans small. 

It is the smnmer solstice — ^we have sixteen hours of 
daylight, when the absorption of heat is going on — and 
but eight hours of night, during which heat is passing 



* Moser, On Vision, and on the Action of Light on Bodies : and 
also 0» Latent Light : Scientific Memoirs, vol. iii. Draper, On 
eertmM Spectral Aftpearances, and on the Discovery of Latent Light : 
Phfl. Mag., Nov. 1842. 
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off. The northern hemisphere is now presented to the 
sun, and as here we have the largest portion of dry land, 
the powers of absorption are at their maximum. 

The autumnal equinox has arrived, with its equal day 
and night, as in the spring, but now the whole nortihem 
hemisphere is opposite the sim ; hence, according to the 
laws already explained, we see the causes of the increased 
heat of the autumnal season. 

The winter solstice has come, with its long night and 
shortened day. The time during which radiation is 
going on is nearly twice that in which absorption takes 
place, and the earth is in her worst position for recriv- 
ing heat, as that half which has the largest sur£ftce of 
water is towards the sun. 

These are the causes which lead to the variations of 
the seasons, and through these we learn why we are 
colder when near the sun than when at a considerably 
greater distance. 

An analysis of the spectrum shows us that there are 
some changes regularly taking place in the state of the 
solar beam, which cannot be referred to the mere alte- 
ration of position. It may be inferred, from facts 
by long-continued observations, that the' three classes 
of phenomena — flight, heat, and chemical power, distin- 
guished by the term Actinism — which we detect in the 
sim^s rays, are constantly changing their relative propor- 
tions. In spring, the chemical agency prevsols; in 
summer, the luminous principle is the most powerful ; 
and in the autumn, the calorific forces are in a state of 
the greatest activity.* The importance of these varia- 
tions, to the great economy of vegetable life, will be 
shown when we come to examine the phenomena con- 
nected with organisation. 

* A particular examination of this curious question will be 
found in the Author's report On the Influence of the Solar Rayt om 
the Growth of Plants : Reports of the British Association for 1847.. 
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A remarkable change takes place in the character of 
heat in being reflected from material substances. In 
nature we often see this fact curiously illustrated. Snow 
which lies near the trunks of trees or wooden poles 
melts much quicker than that which is at a distance 
from them^ the sun shining equally on both — the lique- 
£BU!tion commencing on the side facing the sun^ and 
gradually extending. We see, therefore, that the direct 
rays of solar heat produce less effect upon the snow than 
those which are radiated from coloured surfaces. By 
Bumerous experiments, it has been shown that these se- 
condary radiations are more abundantly absorbed by snow 
or white bodies than the direct solar rays themselves. 
Here is one of the many very curious evidences, which 
80101106 lays open to us, of the intimate connection be-^ 
tween the most ethereal and the grosser forms of matter* 
Heat^ by touching the earth, becomes more earth-like. 
The subtile principle which, like the spirit of supersti- 
tion, has the power of passing, unfdt, through the 
crystal mass, is robbed of its might by embracing the 
tbangs of earth ; and although it still retains the evidences 
of its refined origin, its movements are shackled as by a 
dog of clay, and its wings are heavy with the dust of 
this rolling baU. It has, however, acquired new pro- 
perties, wluch fit it for the requirements of creation, and 
by which its great tasks are facilitated. Matter and 
heat unite in a common bond, and, harmoniously pur- 
suing the necessities of some universal law, the result 
is the extension of beautiful forms in every kingdom of 
nature. 

An easy experiment pleasingly illustrates this remark- 
able change. If a blackened card is placed upon snow 
or ice in the sunshiue, the frozen mass underneath it will 
be gradually thawed, and the card sink into it, while 
that by which it is surrounded, although exposed to the 
fiill power of solar heat, is but Uttle disturbed. If, how- 
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ever^ we reflect the sun's rays from a metal surface, an 
exactly contrary result takes place ; the uncovered parts 
are the first to melt^ and the blackened card stands higli 
above the surrounding portion. 

The evidences of science all indicate the sun as the 
source, not only of that heat which we receive diredfy 
through our atmosphere, but even of that which hm 
been stored by our planet, and which we can, by several 
methods, develope. We have not to inquire if the earfli 
was ever an intensely heated sphere; — ^this concerns not 
our question; as we should, even were this admitted, 
still have to speculate on the origin — ^the primitive somoe 
of this caloric. 

Before, however, we proceed to the examination of 
the phenomena of terrestrial heat, a few of the great 
results of the laws of radiation and convection claim our 
attention. 

Nearly all the heat which the sun pours upon the 
ocean is employed in converting its water into vapour at 
the very surface, or is radiated back from it, to pierfonn 
the important office of producing those disturbing infla. 
.ences in the atmosphere, which are essential to the pre- 
servation of the healthful condition of the great aerial 
envelope in which we live. 

Currentsof air are generally due to the unequal degrees 
in which the atmosphere is warmed. Heat, by expand* 
ing, increases the elasticity, and lessens the density, of a 
given mass. Consequently, the air heated by the high 
temperature of the tropics, ascends charged with aqueous 
vapours, whilst the colder air of the temperate and the 
frigid zones flows towards the equator to supply its place. 
These great currents of the atmosphere are, independent 
of the minor disturbances produced by local causes, in 
constant flow, and by them a uniformity of temperature 
is produced, -svhich could not in any other way be accom* 
pHshed. By these currents, too, the equalisation of the 
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"constitiients of the " breath of life'' is eflFected, and the 
purer oxygen of the '^land of the sunny south'' is dif- 
fused in healthfiil gales over the colder climes of the 
north. The waters, too, evaporated from the great 
central Atlantic Ocean, or the far Pacific, are thus car- 
ried over the wide-spread continents, and poured in fer- 
tilisuig showers upon distant lands. 

How magnificent are the operations of nature ! The 
air is not much warmed by the radiations of caloric pass- 
ing from the sun to the earth ; but the surface soil is 
heated by its power of absorbing these rays. The tem- 
peratore of the air next the earth is raised, and we thus 
have the circulation of those beneficial currents which 
are so remarkably regular in the Trade Winds. The air 
heated within the tropics would ascend directly to the 
poles^ were the earth at rest, but being in motion, those 
great aerial currents — the Trade Winds— are produced, 
and the periodical monsoons are due to the same cause. 
A siniilar circulation, quite independent of the ordinary 
tidal movement, takes place also in the earth-girdling 
ocean. The water, warmed, by convection, from the hot 
snrfftoe of the tropical lands, sets across the Atlantic 
from the Gulf of Mexico ; and being imder the influence 
of the two forces — gravity and motion — ^it illustrates the 
parallelc^ram of forces, and flowing along the diago- 
nal, reaches our own shores : the genial influences of 
the gulf stream produce that tempered climate which 
distinguishes our insular home. Here we have two im- 
mense influences produced by one agency, rendering 
those parts of the earth habitable and fertile, which but 
for these great results would sorrow in the cheerless 
aspect of an eternal winter. 

The beautiftd phenomenon of the formation of dew is 
also distinctly connected with the peculiar properties 
which we have been studying. When from the bright blue 
vault of heaven, the sparkling constellations shower their 
mild light over the earth, the flowers of the garden and 

G 
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the leaves of the forest become moist with a fluid of 
the most traiislucid nature. Well might the ancients 
imagine that the dews were actually shed from the stars ; 
and the alchemists and physicians of the middle ages 
conceive that this pure distillation of the night possessed \ 
subtile and penetrating powers beyond most othra* 
things ; and the ladies of those olden times endeavour 
to preserve their charms in the perfection of their youth- 
fdl beauty through the influences of washes procured 
from so pure a source.* 

Science has removed the veil of mystery with which 
superstition had invested the formation of dew ; and^ in 
showing to us that it is a condensation of vapour upon 
bodies according to a fixed law of radiation^ it has ako 
developed so many remarkable facts connected with the 
characters of material creations^ that a much higher 
<»rder of poetry is opened to the mind than that whidi, 
though beautiAil^ sprang merely from the imagination. 

Upon the radiation of heat depends the formation of 
dew^ and bodies must become colder than the atmos- 
phere before it will be deposited upon them. At what- 
ever temperature the air may be, it is chained to 
saturation with watery vapour, the quantity varying 
imiformly with the temperature. Supposing the tem- 
perature of the air to be 70° F., and that a bottle of 
water at 60° is placed in it, the air aroimd the bottle 

* Ammianus Marcellinus ascribes the longevity and robust 
health of mountaiDeers to their exposure to the dews of night 
Dew was employed by the alcliemists in their experiments on the 
solution of ^old. The ladies of old collected the " celestial wash/* 
which they imagined had the virtue of preserving their fine forms, 
by exposing heaps of wool to the influences of night radiation. It 
was supposed that the lean features of the grasshopper arose firom 
that insect feeding entirely on dew : " Dumque tbymo pascentur 
apes, dum rore cicadse," Virgil, Eclog. 

See some curious remarks by Boyle, On the Power of Dew in 
Working on Solid Bodies : Works of the Honourable R. Boyle, 
voL V. p. 121. 1744. 
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will be cooled, and will deposit on the glass exactly that 
quantity of moisture which is due to the diflFerence be- 
tween the temperature of the two bodies. Different 
substances, independent of colour, have the property of 
parting with heat from their surfaces at different rates. 
Bough and porous surfaces radiate heat more rapidly 
than smooth ones, and are consequently reduced in tem- 
perature ; and, if exposed, are covered with dew sooner 
than such as are smooth and dense. The grass parterre 
glistens with dew, whilst the hard and stony walk is im- 
moistened.* 

Colourless glads is very readily suffused with dampness, 
bat polished metals are not so, even when dews are 
heavily condensed on other bodies. To comprehend 
folly flie phenomena of the formation of dew, we must 
remember that the entire surface of the earth is constantly 
imtiatJTig heat into space ; and that, as by night no ab- 
SQfption is taking place, it naturally cools.f As the 
substances spread over the earth become colder than the 
au% they acquire the power of condensing the vapour 
wifli which the atmosphere is always charged. The 
bodies which cover this globe are very differently consti- 
tuted; they possess dissimilar radiating powers, and con- 

• See the Researches om Heat, by Professor James Forbes, in the 
Trtnsactions of the Royal Society of Edinbnrgl) ; also Melloni's 
{wpers on the same subject in the Annales de Chimie, several of 
wiucb have been translated into the Scientific Memoirs^ edited by 
Mr. Richard Taylor. 

f The phenomena of dew have constantly engaged the attention 
of man. Aristotle, in his book De Mundo, puts forth some just 
notions on its nature. An opinion has almost always prevailed 
fliat dew falls. Gersten appeai-s to have been the first who opposed 
tfns motion. He was followed by Muschenbroek, and then by 
Da Fay. The researches of Leslie were of a far more exact cha- 
iieter. Dr. Wilson, in the Transactions of the Royal Society of 
Edinburgh, 1st vol., published a Memoir on Hoar Frost of much 
interest; but the questions involved remained unsettled until the 
researches of Dr. Wells, which weie published in his Essay on Dew, 
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sequently present^ when examined by delicate thermome- 
ters, varying degrees of temperature. By the researches 
of Dr. Wells,* which may be adduced as an example of 
the best class <rf inductive experiments, we learn that the 
following differences in sensible heat were observed at 
seven o^clock in the evening : — 



The air four feet abc^^e the grass 
Wool on a raised board 
Swandown on ditto 
The surface of the raised board 
Grass plat 



60} 

53 
57 
51 



Dew is most abundantly deposited on clear, cahn 
nights, during which the radiation from the surface of 
the earth is uninterrupted. The increased cold of sudi 
nights over those obscured by clouds is well known. The 
clouds, it has been proved, act in the same way as the 
screens used by gardeners to protect their young plants 
from the fix)sts of the early spring, which obstruct the 
radiation, and, in all probability, reflect a small quantity 
of heat back to the earth. 

It is not improbable that the observed increase in 
grass crops, when they have been strewn with branches 
of trees or any slight shades, may be due to a similar 
cause.f 



* By far the most complete set of experiments on the radiation 
of beat from the surface at night, which have been published sinee 
Dr. Wells's memoir On Dew, are those of Mr.Glaisher, of the Roval 
Observatory at Greenwich. Instruments of the most perfect kmd 
were employed, and the observations made with sedulous cara* 
The results will be found in a memoir On the Amount oj the Radim' 
turn of Heat y at night, from the Earth, and from various bodm 
placed on or near the Surface of the Earth, by James Glaisher, Esq^ 
Philosophical Trans, for 1847, part 2. 

f Dr. Wells noticed the practical fact that very light shades pro* 
tected delicate plants from frost, by preventing radiation. Bir. 
Goldsworthy Gurney has maile a series of interesting experiments, 
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There are many remarkable results dependent entirely 
on the colours of bodies^ which are not explicable upon 
the idea of diflFerence in mechanical arrangement. We 
Imow that different colours are regulated by the powers 
which structures have of absorbing and reflecting light ; . 
consequently a blue surface must have a different order 
of molecular arrangement from a red one. But there 
are some physical peculiarities which also influence heat 
radiation, quite independently of this surface condition. 
If we take pieces of red, black, green, and yeUow glass, 
and expose them when the dew is condensing, we shall 
find that moisture will show itself first on the yeUow, 
then on the green glass, and last of aU upon the black 
or red glasses. The same thing takes place if we expose 
ccdoured fluids in white glass bottles or troughs, in which 
case the sur&ces are all ahke. If against a sheet of 
glass, upon which moisture has been slightly frozen, we 
place glasses similarly coloured to those already described, 
it will be found that the earliest heat-rays will so warm 
the red and the black glasses, thut the ice will be melted 
opposite to them, long before any change wiU be seen 
upon the frozen film covered by the other colours. 

The order in which heat permeates coloured media, it 
has already been shown, very nearly agrees with their 
powers of radiation. 

These most curious results have engaged the attention 
of Melloni, to whose investigations we owe so much ; 
and from the peculiar order of radiations, which present 
]^enomena of an analogous character to those of the 
coloured rays of light, obtained by him from dissimilarly 
coloured bodies, he has been led to imagine the existence 



and he imagines that by shading grasslands with boughs of trees, 
or any light litter, a more abundant crop is produced. The sub- 
ject has been discussed in the journals of the Royal Agricultural 
Soeie^. May not the apparent increase be due entirely to the 
sueeident condition in wMch a plant always grows in the shade ? 
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of a ^^heat-colouration/^ That is, the heat-rays are 
supposed to possess properties like luminous colour 
although invisible ; and, consequently, that a blue sur- 
face has a strong affinity for the blue heat-rays, a red 
surface for the red ones, and so on through the scale. 
The ingenuity of this hypothesis has procured it much 
attention ; but now, when the Newtonian hypothesis of 
the refrangibility of light is nearly overturned, we must 
not, upon mere analogy, rush to the conclusion that the 
rays of heat have diflferent orders of refrangibility, which 
Melloni's hypothesis requires.* 

Can anything be more calculated to impress the mind 
with the consciousness of the high perfection of natural 
phenomena, than the fact, that the colour of a' body 
should powerfully influence the transmission of a prin- 
ciple which is diffused through all natiu-e, and also deter- 
mine the rate with which it is to pass off from its surface. 
Some recent experiments have brought us acquainted 
with other facts connected with these heat-radiations, 
and the power of heat, as influenced by the calorific 
rays, to produce molecular changes, in bodies, which bear 
most importantly on our subject. 

If we throw upon a plate of polished metal a prismatic 
spectrum (deprived, as nearly as possible, of its chemical 
power, by being passed through a deep yellow solution 
— which possesses this property in a very remarkable 
manner, as will be explained when we come to the exa* 
mination of the chemical action of the sun^s rays) — ^it 
will be found, if we afterwards expose the plate to the 

* This paper of Melloni's will be found in the Bibliotheque Uni- 
ve^'selle de Geneve^ for 1843. The conclusions are highly ingenious, 
but they rest entirely on the analogy supposed to be discovered be- 
tween the relations of heat, like light, to the coloured rays of the 
spectrum. This, it must be remembered, is not llie case, since 
even Sir William Herschel showed that red light might exist with 
only a minimum of calorific power, notwithstanding the fact, that 
the maximum heatray of the spectrum coincides with the red rays. 
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action of vapour, very slowly raised from mercury, that 
the space occupied by the red rays, and those which lie 
without the spectrum below it, will condense the vapour 
thickly, while the portion corresponding with the other 
rays will be left untouched. This aflPbrds us evidence of 
the power of solar heat to produce, very readily, a change 
in the molecular structure of sohd bodies. If we allow 
the sun^s rays to permeate coloured glasses, and then 
&11 upon a polished metaUic surface, the result, on 
exposing the plate to vapourisation, will be similar to 
that just described. Under yellow and green glasses no 
vapour wiU be condensed; but on the space on which 
the rays permeating a red glass, or even a blackened one, 
fall, a very copious deposit of vapour will mark with dis- 
tinctness the spaces these glasses covered. More remark- 
able still, if these or any other coloured bodies are placed 
in a box, and a poUshed metal plate is suspended a few 
lines above them, the whole being kept in perfect dark^ 
aettfor a few hours, precisely the same effect takes place 
as when the arrangement is exposed to the full rays of 
the son. Here we have evidence of the radiating heat of 
bodies, producing even in darkness the same phenomena 
as the transmitted heat-rays of the sun. We must, 
however, return to the examination of some of these and 
other anal(^ous influences under the head of actino- 
diemistry. 

From these curious discoveries of inductive research 
we learn some high truths. Associated with light — 
obeying many of the same laws — ^moving in a similar 
manner — ^we receive a power which is essential to the 
oonstitation of our planet. This power is often mani- 
fissted in such intimate combination with the luminous 
principle of the solar rays, that it has been suspected to 
be but another form of the same agency. While, how- 
cfcr, we are enabled to show the phenomena of one 
vithout producing those which distinguish the other, 
we are constrained to regard heat as something dis- 
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similar to light. It is true that we appear to be tending- 
towards some point of proof on th^ problem ; but we 
are not in a position to declare them to be forms of one 
common power, or ^^ particular solutions of one great 
physical equation/^* In many instances it would cer- 
tainly appear that one of these forces was directly neces- 
sary to the production of the other ; but we have also 
numerous examples in which they do not stand in any 
such correlation. 

We learn, from the scientific facts which we have been 
discussing, a few of the secrets of natural magic. In 
their relations to heat, every flower, which adds to Hie 
adornment of the wilds of nature or the carefully-tended 
garden of the florist, possesses a power peculiar to itself > 
and, as we have before indicated, the 

** Naiad-like lily of the vale," 

and, 

" The pied wind-flowers, and the tulip tall, 

And narcissi, the fairest among them all," 

are, by their different colours, prevented from ever 
having the same temperatures under the same 
sunshine. 

Every plant bears within itself the measure of the 
heat which is necessary for its well-being, and is endued 
with functions which mutely determine the relative 
amount of dew which shall wet its coloured leaves. 
Some of the terrestrial phenomena of this remarkable 
principle will still fm^ther illustrate the title of this 
volume. 

To commence with the most familiar illustrations, let 
us consider the consequences of change of temperature, 

♦ Dr. Robinson, of Armagh, in his Memoir On the Effects of 
Heat in lessening the Affinities of the Elements of Water, — Transac- 
tions of the Boyal Irish Academy, vol. xxi. part 2, 
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However sliglit the additional heat may be to which a 
body is subjected, it expands under its influence ; con- 
sequently, every atom which goes to form the mass of. 
the earth moves under the excitation, and the first heat 
ray of the morning which touches the earth^s* surface, 
sets up a vibration which is continued as a tremor to its 
very centre. The differences between the temperature 
of day and night are considerable ; therefore all bodies 
expand under the influence of the higher, and contract 
under that of the lower temperature. During the day, 
any cloud obscuring the sun produces, in every sohd, 
fluid, or aeriform body, within the range of solar in- 
fltience, a check : the particles which had been expand- 
ing under the force of heat suddenly contract. Thus 
there must of necessity be, during the hours of sunshine, 
a tendency in all bodies to dilate, and during the hours 
of night they must be resuming their original conditions. 
Not only do dissimilar bodies radiate heat in different 
d^rees, but they conduct it also with constantly varying 
rates. Heat passes along silver or copper with readi- 
ness, compared to its progress through platinum. It is 
conducted by glass but slowly, and still more slowly by 
wood and charcoal. We receive some important intima- 
tions of the molecular structure of matter, from those 
eq)eriments which prove that heat is conducted more 
readily^ along some lines than others. In some planes, 
wood and other substances are better conductors thaniu 
others. The metaUic oxides or earths are bad conduc- 
ton of heat, by which provision the caloric absorbed by 
die sun's rays is not carried away from the surface of this 
planet so rapidly as it Avould have been had it been of 
metal, but is retained in the superficial crust to produce 
the due temperature for healthful germination and 
vegetable growth. The wool and hair of animals are still 
inferior conductors, and thus, under changes of cHmate 
and of seasons, the beasts of the field are secured against 
those violent transitions from heat to cold which would 
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be fatal to them. Hair is a better conductor than wool : 
hence, by nature^s alchemy, hair changed into wool in 
the animals of some countries on the approach of winter, 
and feathers into down. 

It is therefore evident that the rate at which solar 
heat is conducted into the crust of the earth must alter 
with the condition of the surface upon which it falls. 
The conducting power of all the rocks which have been 
examined is found to vary in some degree.* 

It follows, as a natural consequence of the position of 
the sun to the earth, that the parts near the equator 
become more heated than those remote frora it. As this 
heat is conducted into the interior of the mass, it has & 
tendency to move to the colder portions of it, and thus 
the heat absorbed at the equator flows towards the poles, 
and from these parts is carried oflF by the atmosphere, or 
radiated into space. Owing to tins, there is a certain 
depth beneath the sm*face of our globe at which an equal 
temperature prevails, the depth increasing as we travd 
north or south from the equator, and conforming to the 
contour of the earth's surface, the line sinking under 
the valleys and rising under the hills.f 

* On this subject consult Robert Were Fox, On the Tetnperaiwre 
«/ the Mines of Cornwall. — Cornwall Geological TrausacticmSy 
vol. ii. ; W. J. Henwood, on the same subject, lb. vol. v. ; Reports 
of the British Association, 1840, p. 315 ; Edinburgh New Philoeo- 
jphical Journal, vol. xxiv. p. 140. 

f On the causes of the temperature of Hot and Thermal Springs; 
and on the bearings of this subject as connected toith the general 
yquestion regarding the internal temperature of tha Earth: hj 
Professor Gustav Bischoff, of Bonn. — Edinburgh New Philoso- 
phical Journal, vol. xx. p. 370 ; vol. xxiii. p. 330. Some interest- 
ing information on the temperature of the ground will be found in 
Erman's Travels in Siberia, translated by W. D. Cooley, vol. i. p. 
339; vol. ii. p. 300. Sur la Profondeur a laqueUe se trtmve Im 
oouche de Temperature invariable entre les TropiqueSf by Boussin- 
gault : Annaies de Chimie et de Physique, 1833, p. 225. 
Reference may also be made to Humboldt's Cosmos, Otto's 
ti-anslation ; and to the excellent article on Meteorologgy by 
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A question of great interest, in a scientific point of 
view, is the temperature of the centre of the earth. We 
are, of course, without the means of solving this pro- 
blem ; but we advance a little way onwards in the inquiry 
by a carefdl examination of subterranean temperature at 
such depths as the enterprise of man enables us to reach. 
These researches show us, that where the mean tempera- 
ture of the climate is 50°, the temperature of the rock at 
59 fathoms from the surface is 60° ; at 132 fathoms it is 
7QP ; at 239 fathoms it is 80° : being an increase of 10° 
at 59 fathoms deep, or 1° in 35*4 feet ; of 10° more at 
73 £Bd;homs deeper, or 1° in 43-8 feet ; and of 10° more 
at 114 fistthoms still deeper, or 1° in 64.2 feet.* 

Although this would indicate an increase to a certain 
depth of about one degree in every fifty feet, yet it would 
appear that the rate of increase diminishes with the 
depth. It appears therefore probable, that the heat of 
the earth, so far as man can examine it, is due to the 
absorption of the solar rays by the surface. The 
evidences of intense igneous action at a great depth 
cannot be denied, but the doctrine of a cooling mass, and 
of the existence of an incandescent mass, at the eartVs 
centre, remains but one of those guesses which active 
Blinds delight in. The mean annu^ temperature of this 
planet is subject to variations, which are probably 
dependent upon some physical changes in the' sun him- 
self, or in the atmospheric envelope by which that orb is 
sorrounded. The variations over the earth's sin&ce are 
great. At the equator we may regard the temperature 

George Harvey, in the EncyclopaBdia Metropolitana. These 
ebthonisothermal lines, as they are called, have been ti'aced by 
Humboldt and others over extensive districts. 

• These results are obtained fi-om the valuable observations of 
Robert Were Fox, Es^., made with great care by that gentleman 
m several of the Gomish mines : Report on some observations on 
Mterranean Temperature. — British Association Reports, vol. ix. p. 
900; Philosophical Magazine, 1837, vol. ii. p. 520. 
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as uniformly existing at 80^, while at the poles it is- 
below the freezing point of water ; and as far as obsenra- 
tions have been made, the subterranean temperatures 
bear a close relation to the thermic condition of the 
climate of the surface. The circulation of water through 
faults or fissures in the strata is, without doubt, one 
means of carrying heat downwards much quicker than 
it would be conducted by the rocks themselves. It i» 
not, however, found that the quantity of water increases 
with the depth. In the mines of Cornwall, uidess where 
the groimd is very loose, miners find that, after about 
150 fathoms (900 feet), the quantity of watw rapidly 
diminishes. That water must ascend from very much 
greater depths is certain, from the high temperatures at 
which many springs fiow out at the surface. In the 
United Mines in Cornwall, water rises from one part of 
the lode at 90° ; and one of the levels in these workings 
is so hot that, notwithstanding a stream of cold water is 
piuposely brought into it to reduce the temperature, the 
miners work nearly naked, and will bathe in water at 
80° to cool themselves. At the bottom of Tresavean 
Mine, in the same county, about 320 fathoms from the 
surface, the temperature is 100°. 

One cause of the great heat of many of our deep 
mines, which appears to have been entirely lost sight of, 
is the cKemicjJ. action going on upon large masses of 
pyritic matter in their vicinity. The heat, which is so 
oppressive in the United Mines, is, without doubt, due 
to the decomposition of immense quantities of the sul- 
phurets of iron and copper known to be in this condition 
at a short distance from these mineral works. 

The heat which man is enabled to measure beneath the 
earth's surface, appears to be alone due to the conducting- 
powers of the rocks themselves ; it has been observed 
that the line of equal temperature follows, as nearly as 
possible, the elevations and depressions which prevail 
upon the surface, and the diminishing rate of increase 
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"beyond this line, certainly is such as would arise, was all 
the heat so measured, the result of the passage of the 
heat by conduction through the crust of rocks. 

Whether or not the subterranean bands of equal heat 
have any strict relation, upon a large scale, to the 
iBothermic lines which have been traced around most 
portions of our globe, is a point which has not yet been 
so satis&ciorily determined as to admit of any general 
deductions. 

The Oriental story-teUer makes the inner world a 
place of rare beauty — a cavern temple, bestudded with 
self-liuninous gems, in which reside the spiritual beings 
to whom the direction of the inorganic world is confided. 

The Philosopher, in the height of his knowledge, has 
had dreams as absurd as this ; and amid the romances of 
science^ tbere are not to be found any more strange visions 
than those which relate to the centre of our globe. At 
the same time it must be admitted, that many of the 
peculiar phenomena which modem geological researches 
have brought to light, are best explained on the hypo- 
thesis of a cooling sphere, which necessarily involves the 
existence of a very high temperature towards the 
centre. 

We have already noticed some remarkable differences 
between solar and terrestrial heat ; but a class of observa- 
tions by Delaroche* still requires our attention. Solar 
heat passes freely through colourless glass, whereas the 

* From his experiments, the following conclusions were arrived 
at by M. Delaroche :— 

1. Invisihle radiant heat may, in some circumstances, pass 
duwctly through glass. 

2. The quantity of radiant heat which passes directly through 
glass is so much greater, relative to the whole heat emitted in 
the same direction, as the temperature of the source of heat is 
mora elevated. 

3. The calorific rays which have already passed through a 
sereen of glass, experience, in passing through a second glass 
screen of a similar nature, a much smaller diminution of their 
intensity than they did in passing through the first screen. 
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radiations from a bright fire or a mass of incandescent 
metal are entirely obstructed by this medium. K we 
place a lamp or a ball of glowing hot metal before a 
metallic reflector, the focus of accumulated heat is soon 
discovered ; but if a glass mirror be used, the light is 
reflected, but not the heat ; whereas, with the solar rays, 
but little difierenc6 is detected, whether vitreous or 
metallic reflectors are employed. It is well known that 
glass lenses refract both the light and heat of the sun, 
and they are commonly known as burning-glasses : the 
heat accumulated at their focal point being of the highest 
intensity. If, instead of the solar beam, we employ, in 
our experiments, an intense heat produced by artificial 
means, the passage of it is obstructed, and the most 
delicate thermometers remain undisturbed in the focus of 
the lens. Glass exposed in front of a fire becomes 
warm, and by conduction the heat passes through it, 
and a secondary radiation takes place from the opposite 
side.* It has been found that glass is transcalescent, or 
diathermic, to some rays of terrestrial heat, and adia^ 

4. The rays emitted by a hot body differ from each other in 
their faculty to pass through glass. 

5. A thick glass, though as much or more permeable to light 
than a thin glass of worse quality, allows a much smaller quan- 
tity of radiant heat to pass. The difference is so much the less as 
the temperature of the radiating source is more elevated. 

6. The quantity of heat which a hot body yields in a given 
time, by radiation to a cold body situate at a distance, increases^ 
eateris paribus, in a greater ratio than the excess of temperature of 
the first body above the second.— Journal de Physique, vol. Ixxv. 

* Sir David Brewster differs from the conclusions arrived 
at by Delaroche. He thus explains his views : — " The inability 
of radiant heat to pass through glass, may be considered as a 
consequence of its refusing to yield to the refractive force ; 
for we can scarcely conceive a particle of radiant matter freely 
permeating a solid body, without suffering some change in its 
velocity and direction. The ingenious expeiiraents of M. Prevost, 
of Geneva, and the more recent ones of M. Delaroche, have been 
considered as establishing the permeability of glass to radiant 
heat. M. Prevost employed moveable screens of glass, and re- 
newed them continually, in order that the result which he ^b- 
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ihemiCy or opaque for heat, to others* — that the capability 
of permeatiug glass increases with the temperature of 
the ignited body — ^and that rays which have passed one 
screen traverse a second more readily. It would, 
however, appear that something more than a mere 
elevation of temperature is necessary to give terrestrial 
heat-radiations the power of passing through glass 
screens, or, in other words, to acquire the properties of 
solar heat. 

To give an example. The heat of the oxy-hydrogen 
flame is most intense, yet glass obstructs it, although it 
may be assisted by a paraboHc reflector. If this flame 

tained might not be ascribed to the heating of the screen ; but 
such is the rapidity with which heat is propagated through a 
thm plate of glass, that it is extremely difficult, if not impossible, 
to oDsenre the state of the thermometer before it has been 
«ffi)cted by the secondary radiation from the screen. The method 
employed by M. Delaroche, of observing the difference of effect, 
whien a blackened glass screen and a transpai^ent one were made 
sacces^iYely to intercept the radiant heat, is liable to an obvious 
error. The radiant heat would find a quicker passage through 
the transparent screen; and, therefore, the difference of effect 
was not due to the transmitted heat, but to the heat radiated 
from the anterior surface. The truth contained in M. Delaroche's 
fifth proposition is almost a demonstration of the fallacy of all 
those that precede it. He found that ' a thick plate of glass, 
though as much or more permeable to light than a thin glass of 
worse quality, allowed a much smaUer quantity of radiant heat 
to pass.' If he had employed very thick plates of the purest 
fiint glass, or thick masses of fluid Uiat have the power of trans- 
mitting light copiously, he would have found that not a single 
particle of heat was capable of passing directly through trans- 
parent media.** — Sir D. ferewster, On new properties of heat as ex- 
t&iUd in its propagation along plates of glass. Philosophical 
Transactions, vol. cvi. p. 107. 

* Proposal of a JSew Nomenclature for the Science of Calorifia 
Badiations, by M. Melloni. Bibliotbeque* Universelle de Geneve, 
No. 70. Scientific Memoirs, vol. iii. part 12. Many of the terms, 
as Diaihermasyy or transparency for heat ; Adiathermasy, opacity 
for heat ; Thermochroicy coloured for heat, and others, are valuable 
suggestions of forms of expression which are required in dealing 
with these physical phenomena. 
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is made to play upon a ball of lime^ by which a most 
intense light is produced^ the heat^ which has not been 
actually increased, acquires the power of being refracted 
by a glass lens, and combustible bodies may be ignited 
in its focus. 

It certainly appears from these results, that tiie 
uadulatory hypothesis holds true, so far as the motion cf 
the calorific power is concerned. At a certain rate the 
vibrations are thrown back or stopped by the opposmg 
body, while in a state of higher excitation, moving wifli 
increased rapidity, they permeate the screen.* This 
does not, indeed, interfere with the refined theory of 
Prevost,t which supposes a mutual and equal interchan^ 
of caloric between all bodies. 

The most general efiect of heat is the expansion of 
matter ; solids, liquids, and airs, all expand under its 
influence. If a bar of metal is exposed to calorifie 
action, it increases in size, owing to its particles hesng 

* For a careful examination of the several theories of best 
consult Dr. Young's Course of Lectures on Natural Fhilosophj, 
i^., Lecture 52, On the Measures and the Nature of Heat; also 
Powell's very excellent Reports on Radiant Heat— Reports of the 
British Association, 1832, 1840. The transcendental view which 
the immaterial theory leads to, cannot he better exemplified than . 
hy the following quotation from that inexplicable dream of a 
talented man, Elements of PhysiophUosophy, bv Lorenz Oken, M.D. 
(translated for the Ray Society, hy Alfred Tuli) :— 

"Heat is not matter itself any more than light is; but it is 
only the act of motion in the primaiy matter. In heat, as well 
as in light, there certainly resides a material substratum ; yet, 
tliis substratum does not give out heat and light ; but the motum 
only of the substratum gives out heat, and the tension only of 
the substratum light. There is no body of heat; nitrogen is 
the body of heat, just as oxygen may be called the body of fire. 
Heat is real space ; into it all forms have been resolved, a8 all 
materiality has been resolved into gravity, and all activity, all 
polarity, into light. Heat is the universal form, consequently the 
want of form." 

f Memoires de la Societe Physique, &c., de Geneve, torn. iL 
art. 2. 
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separated &rih^ from eacli other : by continuing this 
influence^ after a certain time the cohesion of the mass is 
so reduced that it melts^ or becomes liquid^ and^ under 
the force of a still higher temperature^ this molten metal 
may be dissipated in vapour. It would appear as if^ 
muder the agency of the heat applied to a body^ its atoms 
expanded^ until at last, owing to the tenuity of 'the outer 
layer or enyelope of each atom^ they were enabled to 
moTe ;&eely over each other^ or to interpenetrate without 
difficulty. That heat does really occasion a considerable 
disturbance in the corpuscular arrangement of bodies^ 
may be proved by a very interesting experiment. A 
bar of heftted metal is placed to cool^ with one end sup- 
povted vfaxL a wedge at a ring of a different metal the 
other resting on die ground. In coolings a distinct 
musical sound is given out, owing to the vibratory action 
•et up amooatg the particles of matter moving as the tem- 
psntere dedinea.* 

* Thm emiom phenomenon was first obeerved by Mr. Trevelyau, 
wImss NoUce reawdin^ 9mu Eaperimeats on the Vibration ^Heated 
MiUia will be found in the Transactions of the Bojal Society ol 
£dinburgh» yoL xii, 1837. In a Memoir in the same Tolume, 
enttded EmerimerUal Researeies rtgwrtfinpeertam vihrcitimuwkkh 
tdte place oetween. metaUie muses basing different tew^erstuns, 
Brafeesoor Forbes draw&the following- conclusions : — 

1. " The vibrations never take place between substances of the 
fltme nature. 

2. " Both substances must be metallic. (This is new proved 
not to be necessary.) 

& <^The vibrations take place with an inteasitf proportional 
(wxUkm certain limits) to the ^jSerence of the conducting powers 
of the metals for heat or electricity ; the metal having tiie least 
oonduoting power being necessarily the coldest. 

4. ** The time of contact of two points of the metals must be 
kagnr than that of the intermediate portiona 

5. " The impulse is received by a distinct and separate pro- 
«Ha St Mch contact of the bar and block, and in no caa»ia the 
iMteUitf eonnection of the bearing points in the hor^ or those of 
iiaUoek, in any way essential. 

0. "The intensity of the vibration is (under certain ex 
H 
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Heat is diffused through all bodies in nature, and, as 
we shall presently see, may be developed in many different 
ways. We may, therefore, infer, that in converting a 
sphere of ice into water, and that again into steam, we 
have done nothing more than interpenetrate the mam 
with a larger quantity of heat, by which its atoms aie 
more widely separated, and that thus its moleculet 
become free to move about each other. Hence, firom a 
solid state, the water becomes fluid ; and then, if the ei>» 
pansive force is continued, an invisible vapour. If the^ 
limits are passed by the powers of any greatly increased 
thermic action, the natural consequence, it must be 
seen, will be the separation of the atoms from eadk 
other, to such an extent that the molecule is destroyed, 
and chemical decomposition takes place. 

By the agency of the electricity of the voltaic battery, 
we are enabled to produce the most intense heat .wixli 
which we are acquainted, and by a peculiarly ingenioos 
arrangement Mr. Grove has succeeded in resolving 
water by the mere action ot heat into its constituent 
elements — oxygen and hydrogen gases. That this decom- 
position is not due to the voltaic current, but to the heat 
produced by it, was subsequently proved by employing 
platina heated by the oxy-hydrogen flame.* 

This interesting question has been examined with 
great care by Dr. Robinson of Armagh, who has shown 
that, as the temperature of water is increased, the affi- 
nity of its elements is lessened, until at a certain point it 
is eventually destroyed. This new and startling fiact 
appears scarcely consistent with our knowledge that a 

ceptions) proportional to the difference of temperature of the 
metals." — Transactions of the Royal Society of Edinburgh, 
vol. xii. 

♦ The Bakerian Lecture. On certain Phenomena of VoUme 
Ignition, and the Decomposition qf Water into its Constituent 6«M» 
by Heat: by W. R. Grove, Esq.— Philosophical Transactions, 
1847. Part 1. 
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body heated so as to be liiminotLs has the power of 
causing the combination of the elements of water with 
explosive violence.* But as this acute experimental 
plulosopher somewhat boldly but still most reasonably 
inquires : " Is it not probable that, if not light, some 
other actinic power (like that which accompanies light in 
the spectrum^ and is revealed to us by its chemical 
effecttt in the processes of photography) is evolved by the 
heat^ and, though invisible, determines, in conjimction 
with the affinity, that atomic change which transforms 
the three volumes of oxygen and hydrogen into two of 
steam ?t 

This speculation explains, in a very satisfactory manner, 
some results which were obtained by Coimt Rumford, in 
1798. In a series of experiments instituted for the 
mupoee of examining ''those chemical properties of 
tight which have been attributed to it,^' he has shown 
that many cases of chemical decomposition occur in 
perfect darkness, under the influence of heat, which are 
preciflely similar to those produced by exposure to the 
son's rays.]: 

It must, however, be remembered, that both solar 
fight and heat are sometimes foimd in direct antagonism 
to actinic power, and that the most decided chemical 
changes are produced by those rays in which neither 
heat nor light can be detected. The most remarkable 

Comena of this class will be explained imder the 
of actinism. 

* Davy's Researches on Flame. Works, vol. vi.— Philosophica 
Transactions for 1 81 7. 

j On the Effect of Heat in lessening the affinities of the Elements 
if Wmter : by the Rev. Thomas Romney Robinson, D.D. — ^Trans- 
aetiovis of the Royal Irish Academy, vol. xxi. part 2. 

I An Inquiry concerning the Chemical Properties that have betn 
Mribmiedto Light: by IJenjamin, Count of Rumford. — Philoso- 
phical Transactions, vol. Ixxxviii. p. 449. — The results obtained 
oy Count Rumford were probably due to the non-luminous heat- 
rays — parathermic rays — which are known to be given off by 
bcnling water. 
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Que of the most carious relations which as yet 
have been discovered between light and heat is^ that, the 
temperature at which all bodies become incandescenty 
excepting such as are phosphorescent, is uniform. l%e 
point on the thermometer (Fahrenhett^s scale) when 
the eye by perfect repose is enabled to detect the fint 
luminous in^uence, may probably be regarded aS;, or 
very near, 1000^. Darnel has fixed this point at 96QP, 
Wedgwood at 947°, and Draper at 977°.* Dr. Bobinson 
and Dr. Draper, by independent observations^ have 
both arrived at the conclusion, that the first gleam of 
hght which appears firom heated platina is not r^^ bat of 
a lavender gray, the same in character of colour as ihit 
detected by Sir John Herschel among the most lefinoi- 
gible rays of the solar spectmm.t fet^s^- a 

It must be admitted, that the question of the identity, 
or otherwise, of light and radiant heat, is beset wiui 
difficulties. Many of their phenomena are very similar 
— ^many of their modes of action are alike : they are 
often found as aUied agencies ; but they as frequenify 
exhibit extreme diversity of action, and they may te 
separated from each other. 

We have now examined the physical conditions and 



"<>' For Dr. Draper's paper, see Philosophical Magazine for Maj,. 
1847, voL XXX. 3rd series. 

t On, the Action of the Rays of the Solar Spectrwn om Ve^etMe 
Colours: by Sir J. F. W. Herschel, Bait. 

The proof of the contiDuation of the visible prismatic speetrum 
beyond the extreme violet may be witnessed in the following 
mannei: — " Paper stained with tincture of turmeric is of a yeJIoir 
colour; and, in consequence, the spectrum thrown in it, if ex- 
posed in open daylight, is considerably affected in its apparent 
colours, the blue portion appearing violet, and the violet very 
pale and faint; but beyond the region occupied by the violet 
rays, is distinctly to be seen a faint prolongation of the spectrum, 
terminated laterally, like the rest of it, by straight and sharp ootr 
lines, and which, in this case, affects the eye with the sensation of 
a pale yellow colour." — ^Philosophical Transactions, p. 133. 
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TfXopertieA of this most important element^ and we must 
proceed to learn something of the means by which it 
may be developed^ independently of its solar source. 

This extraordinary principle exists in a latent state in 
all bodies, and may be pressed out of them. The black- 
amith hammers a nail until it becomes red hot^ and firom 
it he limits the match with which he kindles the fire of 
his ioac^. Hie iron has by tins process become more 
-dens^ and percussion will not again produce incan- 
desoeooe until the bar has been exposed in fire to a red 
heat. The only inference we can draw firom this result 
isy that by hammering the padides have been driven 
dkwer together, and the heat driven out; now further 
hammering will not f<Hnce the atoms nearer, and con- 
sequently no additional quantity of heat can be deve- 
kqped ; die iron is made hot in a fire^ it absorbs heat^ the 
partides are restored to their former state, and we can 
now again by hammering develope both heat and light. 
The Ladian produces a spark by the attrition of two 
pieces of wood. By Mction, two pieces of ice may be 
made to melt each other; and could we, by mechanical 
pressure, force water into a solid state, an immense 
-quantity of heat would be set firee. By the condensation 
X)f hydrogen and oxygen gases, pulverulent platinum 
will become glowing red-hot, and, with certain pre- 
^cantkxis, even the compact metal, platinum, itself; 
the heat being derived from the gases, the union of 
which it has ^fected. A body passing from the solid to 
the fluid state absorbs heat from all surrounding sub- 
stances, and hence a degree of cold is produced. The 
heat i^ch is thus removed is not destroyed — ^it is held 
oombined with the fluid; it exists in a latent state. 
Fluids, in passing into a gaseous form, also rob all sur- 
nmnding bodies of an amount of heat necessary to 
Hiaintain the aeriform condition. From the air or from 
die fluid, this heat may, as we have shown above, be 
-pgain extracted. LodLed in a pint measure of air, there 
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exists sufficient heat to raise several square inclies of 
metal to glowing redness. By the compression of 
atmospheric air this may be shown, and with a small 
condensing syringe a sufficient quantity of heat may he 
set free to iire the Boletus igniarms, which, impregnated 
with nitre, is known as amadou. We are acquainted 
with various sources &om which heat may be developed 
for artificial purposes : the flint-and-steel is an example 
of the production of heat by mechanical force, and Ae 
modem lucifer-match, of the combined action of fiictian 
and chemical affinity. These of themselves would admit 
of a lengthened discourse ; but it is necessary that we 
carefully examine some of the less familiar phenomenaof 
heat under the influences of changes of chemical conditkxD. 
If spirits of wine and water are mixed together, a 
considerable degree of heat is given out, and by mixing 
sulphuric acid and water, an infinitely larger quantity. 
If sulphuric acid (oil of vitriol) and spirit of wine. Of 
nitric acid (aquafortis) and spirits of turpentine, at com- 
mon temperatures, be suddenly mixed, so much heat is 
set jfree as to ignite the spirit. In each of these in- 
stances there is a condensation of the fluid. In nearly 
all cases of solution, cold is produced by the absorption 
of the heat necessary to sustain the salt in a liquid 
form ; but when potash dissolves in water, heat is given 
out, which is a fact we cannot yet explain. If potassiuiD 
is placed on water, it seizes the oxygen of the water 
and sets fire to the hydrogen gas liberated by the heat 
produced in the change of form. Antimony and many 
other metals thrown into chlorine gas ignite and bum 
with brilUancy: the same phenomenon takes place in 
the vapours of iodine or bromine. Many chemical com- 
binations, as the chloride of potassium and sulphur ex- 
plode with a blow ; whilst the shghtest Mction occasionf 
the detonation of the fulminating salts of silver, mercniy, 
and gold. Compounds of nitrogen and chlorine, or 
iodine, are still more delicately combined — the former 
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e3q)lodiiig with fearful violence on the contact of any 
oleaginous body^ and the latter by the smallest elevation 
of temperature : both of them destroying the vessels in 
▼hich they may be contained. 

Gun cotton presents some peculiar phenomena 
which may merit brief attention. This peculiar com- 
pound is prepared by the action of nitric acid on 
cotton fibre. The general appearance of the cotton 
is not altered^ but a remarkable physical change 
has taken place. It is now soluble in ether^* and 
forms a gelatinous compound: — ^it explodes violently 
at a temperature which is insufficient for the combustion 
of gunpowder. Indeed, from, as it would appear, slight 
el^trical disturbances taking place in the gun cotton 
itself, it not nnfrequently explodes spontaneously. These 
fearful disturbances of the forces which hold bodies in 
combination are explained with difficulty. . May it not 
be, that an enormous quantity of the calorific and 
chemical principles is held in a state of extreme tension 
around the particles of the compound, and that the 
eqmlibriam being destroyed, the whole is developed in 
destructive rapidity ? 

The fact of great heat being evolved during the con- 
version of a body from a solid to a gaseous state, as in 
the explosion of gunpowder or gun cotton, which is a 
striking exception to the law of latent heat, as it prevails 
in most cases, admits of no more satisfactory explanation. 

As mechanical force produces calorific excitation, so 
we find that every movement of sap in vegetables, and 
of the blood and fluids in the animal economy, causes a 
sensible increase of heat. The chemical processes con- 
stantly going on in plants and animals are another 
source of heat, in addition to which nervous energy and 
mnscolar movement must be regarded as producing the 
eabric which is essential to the health and life of the latter. 
Digestion has been considered as a process of combus- 
m.1 and the action between the elements of food, and 
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the oxygen conveyed by the circulation of the Uood to 
every part of the body, r^arded as the source of animal 
heat; and, without doubt^ it is one great soaroe, 
although it can scarcely be regarded as the only one.* 

* The most complete exposition of the theory that animal heat 
is derived from chemical action only, wfll be found in Amaut 
Ckemitiry, or Chemistry in its applicaHtnu to PkgsMo^ md 
Ptahoiogy, by Justus Liebig: translated by Dr. Gregory. The 
conclusions arriyed at by the author, notwithstanding his high — 
and deservedly high — position in chemical science, must, however, 
be received with great caution, many of them being founded on 
most incorrect premises, and his generalizations being of tiie most 
hasty and imperfect character. At page 22 the following pMSiC^ 
occurs : — " If we were to go naked, like certain savage tnbes, or if 
in hunting or fishing we were exposed to the same d^ree of oold 
as the Samoiedes, we should be able, with ease, to consume ten 
pounds of flesh, and, perhaps, a dozen of tallow candles into tiM 
oargain, daily, as warmly- clad travellers have rdated with astonisli- 
ment of these people. We should then also be able to take Uie 
same quantity of brandy or train-oil without bad effects, becauae 
the carbon and hydrogen of these substances would only suffice to 
keep up the equilibrium between the external temperatme and 
that of our bodies." 

A brief examination will exhibit the error of this. The analystf 
of Beef, by D. Lyon Playfair, is as follows : — 

Carbon .... 51-83 



Hjdrogen 

Nitrogen 

Oxygen 

Ashes 



7-57 
1601 
21-37 

4-23 



And the following has been given by Chevreul as the composition 
of mutton tallow : — 

Carbon .... 96 

Hydrogen .... 16 

Nitrogen .... 16 

Oxygen .... 48 

About three times the quantity of oxygen to the carbon eaten, is 
required to convert it into carbonic acid ; hence, the Samoiede, 
eating more highly carbonized matter, must inspire 288 os. ci 
oxygen daily, or nearly eight times as much as the '^ ordinary 
adult.*' By the lungs he must take into the body 2,304 cubie 
feet of air besides what will be absorbed by the skin. ISu 
respirations must be so much quickened, that at the lowest pot- 
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. Tlie vi$ viUe, kx vital power, influences the delicate 
md beautiful system of nerves ; and as life (an essence 
of the rarest and most subtile order, a difPusiTe influence) 
nms through them, from the brain to the extremities of 
die memb^ of the body, it sets those tender threads in 
npid vibration, and heat is developed* By this action, 
die circulation of the blood is efiected ; the muscle is 
maintained in an elastic condition, ready to perform the 
tasks <rf the will; and through these agencies is the 
waim and fluid blood fitted to receive its chemical 
lestonilives in the lungs, and the stomach to support 
dumges for which it is designed — chemical also— by 
vhich more heat is liberated. Was digestion — Erema- 
«Mfif, as the slow combustion produced by combination 
with oxygen is called — ^the only source of animal heat, 
irhy should the injury of one filmy nerve place a member 
i£ Ae body for ever in the condition of stony coldness ? 
Or why, chemical action being most actively continued 
after a violent death, by the action of the gastric juices 
i^on the animal tissues, should not animal heat be 
maintained for a much longer period than it is found to 
be after respiration has ceased ?* 

In studying the influences of caloric upon the con- 
ditions of matter, we must regard the effects of extreme 
lieat, and also of the greatest degrees of cold which have 
been obtained. 

There are a set of experiments by the Baron Cagniard 
de la Tour, which appear to have a very important 

able calcalation he must have 500 pulsations a minute. Under 
neh conditions it is quite clear man could not exist. There is 
BO disputing the fact of the enormous appetites of these people ; 
but all the food is not removed from the system as carbonic 
•eMgas. 

* An interesting paper by Dr. Davy, On the Temperature of Man, 
^ be fonnd in the Philosophical Transactions, vol. cxxxvi. p. 
119.— .Sir Humphry Davy, in his Consolations in Trowl, or the hast 
Jkjfs of a Phihsopker, in his fourth dialogue, The Proteus, has 
vnnl ingenious speculations on this subject. 



bearing on some conditions that may be supposed to 
prevail in nature, particularly if we adopt the view 
of a constantly, iacreasing temperature towards the 
centre of our earth. If water, alcohol, or ether, is 
put into a strong glass tube of small bore, the ends 
hermetically sealed, and the whole exposed to a strong 
heat, the fluid disappears, being converted into a trans- 
parent gas ; but, upon cooling, it is again condensed, 
without loss, into its original fluid state.* In this ex- 
periment, fluid bodies have been converted into elastic^ 
transparent gases with but small change of volume^ 
under the pressure of their own atmospheres. We can 
readily conceive a similar result occurring upon a fior 
more extensive scale. In .volcanic districts, at great 
depths, and consequently under the pressure of the 
superincumbent mass, the siliceous rocks, or even metals^ 
may, fipom the action of intense heat, be brought into a 
fluid, or even a gaseous condition, without any change of 

* Exposi de quelques risultats obtenns par V action combinSe de Is 
chaleur et de la compression sur certains liquides, tels que Veam^ 
Talcoolj VHher sulfurique^ et V essence de pStrole rectifiie : par M. le 
Baron Cagniard de la Tour. 

The three following conclusions are arrived at : — 

1. Que I'alcool a 36 degres, I'essence de petrole rectitiee a 42 
degi-es, et Tether sulfurique soumis a Taction de la chaleur et 
de la compression, sont susceptibles de se reduire completement 
en vapeur sous un volume un peu plus que double de celui de 
chaque liquide. 

2. Qu'une augmentation de pression, occasionnee par la pre- 
sence de I'air dans plusieurs des experiences qui viennent d'etre 
citees, n'a point apporte d'obstacle a I'evaporation du liquide 
dans le meme espace ; qu'elle a seulement rendu sa dilatation plua 
calme et plus facile a suivre jusqu'au moment ou le liquide 
semble s'evanouir tou^a-coup. 

3. Que I'eau, quoique susceptible sans doute d'etre reduita 
en vapeur trescomprimee, n'a pu etre soumise a des experienoes 
completes, faute de moyens suffisans pour assurer I'exacte ferme- 
ture de la marmite de compression, non plus que dans les tubeft- 
de verre dont elle altere la transparence en s'emparant de Talcali 
qui entre dans leur composition. — Annales de Ghimie, vol. xxi. 
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Tolume, since the elastic force of heat is opposed by the 
rigid resistance of the pressure of the surrounding 
rocks. Some beautiful experiments by Mr. Hopkins, of 
Cambridge, have proved that the temperature neces- 
sary to melt a body must be considerably elevated as 
the mechanical pressure to which it is subjected is 
increased. 

Directly connected with the results of Cagniard de la 
Tour are a yet more remarkable set of phenomena, 
which have been investigated by M. Boutigny,* and 
generally known as the " spheroidal condition '^ of bodies. 
If water is projected upon very hot metal it instantly 
assumes a spheroidal form— an internal motion of its 
particles may be observed — it revolves with rapidity, 

* Smr ies phSnom^nes qui prSsentent les corps projeth sur des 
nn/ceeff ehaudes: par M. Boutigny (d'Evreuxj. — Annales de 
OMmie et de Physique, vol. xi. p. 16. Congelation du mercure en 
<rotf MecomdcM, en vertu de VHat sphhodial dans un creuset incande- 
icent : by M. Faraday.— Ibid., vol. xix. p. 383. 

Spkermdal Condition of Bodies (Extrait d'une Note de M. 
Boatigny d'EYieux). 

" Aa nombre des proprietes des corps a I'etat spheroidal, il en 

* est cinq qui me paraissent caracteristiques et fondamentales, et 

e'est BUT ces cinq proprietes que je base la definition que je 

womets anjonrd'hui au jugement de I'Academie. Ges cinq pro- 

piietes sont :— 

**]. La forme arrondie que prend la matiere sur une surface 
dwofiee a une certaine temperature. 

" 2. Le fait de la distance permanente qui existe entre le corps 
i Fetat spheroidal et le cor^s spheroi'dalisant. 

* 8. La propriete de reflechir le calorique rayonnant. 
** 4. La suspension de Taction chimique. 

** 5. La fixite de la temperature des corps a Tetat spheroidal. 

"Cela pose, voici la definition que je |)ropose: un corps projete 
Mr une surface chaude est a I'etat spheroidal quand 11 revet la 
tone arrondie et qu'il se maintient sur cette surface au dela du 
onron de sa sphere d'activite physique et chimique ; alors il 
imehit le calorique rayonnant, et ses molecules sont, quant a la 
didear, dans un etat d'equilibre stable ; c'est-a-dire, a une tem- 
p^ntore invariable, on qui ne varie que dans des limites etroites.*' 
— Gomptes Bendus, 6 Mars, 1848. 
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and evaporates very slowly. If a silver or platinum 
capsule^ when brought to a bright red heat, is ^ed wilh 
cold water, the whole mass assumes tte spheroidal 
state, the temperature of the fluid remaining consider- 
ably below the boiling point, so long as the red heat is 
maintained. If we allow the vessel to cool bdow red- 
ness in the dark, the water then bursts into active 
ebullition, and is dissipated into vapour with almost ex- 
plosive violence. An equal quantity of water being 
projected into two similar vessds, over the fire, one cdid 
and the other red hot, it will be found that the ^nAxsr in 
the cold vessel will boil and evaporate long before tluKt 
in the one which is red hot. 

Another form of this experiment is exceedingly in- 
structive. If a mass of white hot metal is suddenly 
plunged into a vessel of cold water, the incandesc^OfCe is 
not quenched, the metal shines with a bright white 
light, and the water is seen to circulate aroimd^ but at 
some distance from the glowing mass, being actually 
repelled by calorific a^ncy. At laigth, when tiie 
metal cools, the water comes in contact with it, and 
boils with energy. 

A result similar to this was observed by Perkins^ bat 
its correctness most unjustly doubted. Having made aa 
iron shell containing water, and carefully plugged up, 
white hot, it was found that the steam never exerted 
sufficient force to burst the vessel, as it was expected it 
would do. He caused a hole to be drilled into the 
bottom of the white-hot shell, and he was surprised to 
find that no water flowed through the orifice, until the 
iron was considerably cooled, when it issued forth with 
Tiolence in the form of steam. Here we have the 
Cagmard de la Tour state first induced, and the cal(Hifio 
repulsion of the spheroidal state supervenes. If water is 
poured upon an iron sieve, the wires of which are made 
red hot, it will not percolate ; but on cooling, it runs 
through rapidly. M. Boutigny, pursuing this corioui 



DECOMPOSITION BY HEAT. 109 

inquirjj has recently proved that the moisture upon the 
skm is sufficient to protect it from disorganization^ if 
the arm is plunged into baths of melted metal. The 
reaktance of the surfaces is so greats that little elevation 
of temperature is experienced.* Professor Plucker, of 
Bonn, has stated that by washing the arm with ether 
previously to plunging it into melted metal^ the sensation 
produced, while in the molten mass, is that of freezing 
coldness. 

We have now seen that heat at different degrees of 
intemdty appears to produce chemical composition — 
that it decomposes combined elements — ^that it alters 
the oonditions of bodies, and actually maintains so 
powerfully a repellent force, that fluids cannot touch 
the heated body. More than this, it experts a most 
powerfbl antagonistic influence over all chemical rela- 
tiona. If, to give one example, the volatile element 
iodine is put into a glowing hot capsule, it resolves itself 
immediately into a spheroid. Potash rapidly combines 
with iodine ; but if a piece of this alkali is tlurown upon 
't in the capsule, it also takes the spheroidal form, and 
both bodies revolve independently of each other, their 
ehemioal affinities being entirely suspended ; — but allow 
the capsule to cool, and they combine immediately* 
Science teaches us that a temperature so exalted as not 
to bum oi^anic bodies may be produced, and points to 
08 tlua remarkable fact, that the destructive limits ot 
heat are measured between certain d^rees — ^beyond 
which a fire, by reason of its intensity, ceases to 
develope heat. What is the radiant force into which this 
principle changes? 

The e^ieriments of Cagniard de la Tour and of 
BoDti^y (d'Evreux), connect themselves, in a striking 

* Some Faet9 relative to the Spheroidal State qfi'BodieSy Fire 
(MmI; BoombustUfle Man, 8fe.: by P. U. Boutigny ^d'Eyreux), 
FhikMophieal Ma^fazine, No. 230 (third series), p. 80 ; Comptea. 
Bendus, May 14, 1849. 
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manner^ with those of Mr. Grove and Dr. Robinson; 
and they teach us that but a very slight alteration in the 
proportions of the calorific principle given to this planet 
would completely change the character of every material 
substance of which it is composed^ unless there was an 
alteration in the physical condition of the elements 
themselves. 

Supposing the ordeal of fiery purification to take 
place upon this earth, these experiments appear to indi- 
cate the mighty changes which would thence result. 
There would be no annihilation, but everything would 
be transformed from the centre of the globe to the verge 
of its atmosphere — old things would pass away, aU 
things become new, and the beautiful mythos of the 
phoenix be realized in the fresh creation. 

The deductions to be drawn from the results obtained . 
by abstracting heat from bodies are equally instructiTe. 
By taking advantage of the cooling produced by the 
rapid solution of salts of several kinds in water, an 
intense degree of coldness may be produced.* Indeed, 
the absorption of heat by liquefaction may be shown by 
the use of metallic bodies alone. If lead, tin, and 
bismuth, are melted together, and reduced to a coarse 
powder by being poured into water, and the alloy then 
dissolved in a large quantity of quicksilver, the themux- 
meter will sink nearly 50 degrees. An intense amount 
of cold wiU result from the mixture of muriate of lime 
and snow, by which a temperature of 50° below the zero 
of Fahrenheit, or 82° below the freezing point of water, 
is produced. By such a freezing mixture as this. 



* The theory of freezing mixtures is deduced from the doctrine 
of latent caloric. These are mixtures of saline substances which, 
at the common temperature, by their mutual cltemical action, pass 
rapidly into the fluid form, or are capable of being rapidlT 
dissolved in water, and, by this quick transition to fluidity, absoro 
caloric, and produce degrees of cold more or less intense.— Bar. 
Francis Lunn, On Heat : Encyclopsedia Metropolitan a. 
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mercury will be rendered solid. A degree of cold, how- 
ever, far exceeding it, has lately been obtained by the 
1186 of solid carbonic acid and ether.* Solid carbonic 
acid is itself procured from the gas liquefied by pressure; 
which liquid, when allowed to escape into the air, 
evaporates so rapidly that a large quantity of it is con- 
gealed by being robbed of its combined heat by the 
vaporizing portion. When this solid acid is united with 
ether, a bath is formed in which the carbonic acid will 
remain sohd for twenty or thirty minutes. By a mix- 
ture of this kind, placed under the receiver of an air- 
pump, a good exhaustion being sustained, a degree of 
cold 166° below zero is secured. By this intense cold, 
many of the bodies which have hitherto been known to 
us only in the gaseous state have been condensed into 
liqnids and solids. Olefiant gas, a compound of hydro- 
mi and carbon, was brought into a liquid form. Hy- 
niodie and hydrobromic adds could be condensed into 
dtfaer a liquid or a solid form. Phosphuretted hydro- 
wm, a gas which inflames spontaneously when brought 
mto contact with the air or with oxygen, became a 
tanaparent liquid at this great reduction of temperature. 
Sa^urous acid may be condensed, by pressure and a 
redoofcion of temperature, into a liquid which boils at 14P 
lUurenheit, but by the carbonic acid bath it is converted 
into a solid body, transparent and without colour. Sul- 
■ hur e tt ed hydrogen gas soUdifies at 122° below zero, and 
wma a white substance resembling a mass of crystals 
cfaea^salt. 

A combination of the two gases, chlorine and oxygen, 
becomes solid at — 75°, and the protoxide of nitrogen at 
— ^150^. Cyanogen, a compound of carbon and nitro- 
gOBH-the base of prussic acid — is solidified at 30° below 

« Froprietis de TAcide Carbonique Uquide, par M. Thilorier; 
- • de Chimie, toI. Ix. p. 427. SoUdification de TAcide Car- 
Ibid. p. 432. 
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the zero of oxtr thermometric scale. The well-known, 
pungent compound^ ammonia^ so exceedingly volatile at 
common temperatures, is converted into a crystalline^ 
transhioent^ white substance at the temperature dt 
— lOa®. The difficulties which necessarily attend the 
exposmre of a body to extreme cold and great pressure 
at the same time^ appear to be the only obstacle to the 
condensation of oxygen, hydrogen, and nitrogen gaae& 
A sufficient amount of condensation was^ however^ 
effected by Dr. Faraday, to lead him to the canduaioiii, 
arrived at also by other evidences^ that hydrogen^ the 
lightest of the ponderable bodies, partakes oi the nature 
of a metal.* 

During the solidification of water hy freezings some- 
remarkable facts may be noticed. 

Water, in coolings gradually condenses in YotamB 
until it arrives at 40° Fahr., which appears to be the 
point of greatest density. From this temperature to 
that of 32°, the point at which it begins to soUdify, its 
volume remains unduaiged,* as crystallisation (freesing) 
begins, the bulk increases, the mass becomes specifical^ 
lifter, and it swims on the surface of the fluid. From 
40° to 32° the particles of water must be taking JXf 
that new position which is essential to the IbrmatiQii <h 
the sohd — ^ice; and while this is taking place, every 
substance held in solution by the water is rejected. 

If we mix with water the deepest colouring matter 
— ^the strangest add or the most acrid poison — ^they are 
each and all rejected during the process of free&ng, and 
if the water has been kept in a state of agitation during 
the jnrocess — so that the liberated particles may not be 
mechanically entangled — ^the ice will be transparent^ | 
coloiirless, tasteless, and inert — the substaoQes rejected , 
being gathered together in the centre of the frozen mass 

* On the Idquefaeiiom and SeHdiJicatum of Bodks fenermlh/ * 
esntting as Gases, by Miehael Faraday, D.C.L.,F.R^, &e.; Philo- 
sopbical Transactions, vol. cxxxvi, p. 155. 
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in a state of intense concentration. In like manner^ 
even the atmosplieric air^ which is always held ih solu- 
tion, is rejected, and hence the reason why all the ice 
which forms upon still ponds is full of air-huhbles^ while 
the ioe which is produced in agitated water is perfectly 
free from them. This in itself is a remarkable condition, 
the entire bearing of which is not clearly underst66d ; 
but a stin more singular fact has been discovered in 
intimate connection with the rejection of all matter from 
a freesing solution. Water, which in this way is freed 
entirely of air, will not boil at 212° F., the ordinary 
boiling point of water. 

If a mass of ice formed in the manner described is 
placed in a vessel, and being just covered with a film of 
oil, to prevent the absorption of air, is melted over a 
lamp or fire, and the heat continued, it will, so far from 
beiiig converted into steam at 212°, continue to increase 
in temperature up to 270° or more, and then burst into 
ebullition with such explosive violence as to rend the 
veMel in which it is confined. 

From this experiment we learn that did water exist 
in 81!^ other condition than that in which we find it — 
even with the apparently simple difference of containing 
no air — ^it would not be safe to employ it in any cuhnary 
or manufacturing operation, since its use would be fol- 
lowed by explosions as dangerous as those of gunpowder. 

Such researches as these prove to us the admirable 
adaptation of all things to their especial ends — the beau- 
tifiil adjustment of the balance of forces throughout 
creation. 

The refinements of Grecian philosophy saw, without 
the aids of inductive science, that the outward vesture of 
jaakare covered a host of mysterious agencies to which 
its characteristics were directly due. In their dream of 
the four elements, fire, the external and visible form of 
heat, was regarded as the cause of vitality, and the 
dfiffposer of every organised and unorganised condition 
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of matter. Their idealisations have assumed anoth^ 
form^ but the researches of modem science have only 
established their universality and truth. 

The great agents at work in nature — tiie mightj 
sfHTits bound to never-ending tasks^ which they pforsi^ 
with unremitting toil^ are of so refined a character, that 
thesy will probably remain for ever unknown to us, fttie 
areh-evocator^ with the wand of induction^ calls ; but 
the only answer to his evocation is the manifestation of 
power in startling efiTects. Science pursues her inquiries 
with zeal and care: she tries and tortures nature to 
compel her to reveal her secrets. Bounds are, how- 
ever, set to the powers of mortal search : we may not yet 
have reached the limits within which we are tree to 
exercise our mental strength ; but, those limits reached, 
we shall find an infinite region beyond us, into which 
even conjecture wanders eyeless and aimless, as die Uiiid 
Cyclops groping in his melancholy cave.* 

All we know of heat is, that striking effects aie pro- 
duced which we measure by sensation, and fay instra- 
ments upon which we have observed that given results 
will be produced imder certain conditions : of anything 
approaching to the cause of these we are totally ^no- 
rant. The wonder-working mover of some of the 
grandest phenomena in nature — giving health to the 
organic world, and form to the inorganic mass — ^pH>- 
ducing genial gales and dire tornadoes-— earthquake 
strugglings and volcanic eruptions — ministering to our 
comforts in the homely fire, and to advancement in 
civilisation in the mighty furnace, and the ingenious 
engine which drains our mines, or traverses our country 
with bird-like speed, — will, in all probability, remain 6w 
ever unknown to man. The immortal Newton, mai^ 
ci whose guesses have a prophetic value, thus expresses 
himself: — '* Heat consists in a minute vibratory motion 
in the particles of bodies, and this motion is communi- 

* Burns, in one of hi^ most natural and pathetio letters. 
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seated throagh an apparent Tacunm by Hie undulations 
of a very subtile elastic medium^ which is also concerned 
in the phenomena of light/' 

Our experimental labours and omr mathematicid 
investigations have considerably advanced our know- 
ledge since the time of Newton; yet still each theory of 
heat strangely resembles the mystic lamp which the 
Brosicrucian regarded as a type of eternal life — a dim 
and flickering symbol, in the tongue-like flame of which 
imagination, like a child, can conjure many shapes. 

Modern theory regards heat as a manifestation of 
notion^ and experiment proves that a body falling 
diroiigh a certain space generates a definite quantity pf 
hBtX, while observation shows that the waters at the 
base of the Falls of Niagara possess a temperature 1° ' 
Idgfaer than when they first glide over the edge of the 
{vecipioe. 

' This increase of temperature is due to the mechanical 
Soree due to the taU, and is no more an evidence of the 
«mversi<Mi of motkm into heat, than is the old experi- 
ment of rubbing a button until it becomes hot. At all 
efcnts, the fact that a given amount of mechanical force 
always produces an equivalent of heat is as applicable to 
the idea of a ^^ subtile elastic medium'' which is difl^ised 

through all matter, as to the, at present, favourite hypo- 



So far has this view been strained, that the tempera- 
tare of the Janets has been referred to their motions, 
and speculation has aided the mathematician in deter- 
auning the cessation of planetary motion, by the conver- 
aon of it into heat It is true that other theorists have 
lapposed points in i^ace upon which this heat might be 
jQDoeatrated and reflected back again to produce motion. 

There may be much of the poetic element in such 
yCTilatirms, but it ia of that order which belongs rather 
4a the romantic than to the real. 
* A speonlation whidi has more of truth, and which is^ 
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indeed^ demonstrable, cannot fail to impress eyery mind 
with its beauty, and probable correctness. 

In the growth of a tree, its wood and all its products 
are the result of certain exte^al forces effecting chemi- 
cal changes. Carbonic add is decomposed, the carbon 
is retained, and oxygen given off, and assimilations of a 
complex character are in constant progress to produce 
the various compounds of oxygen, hydrogen, nitrogen, 
and carbon. 

Every condition of organised forms is due to the exter- 
nal excitation of light and heat, and in the chemical 
changes which take place, an equivalent of these prin- 
ciples, or powers — it signifies but little according to which 
view we may regard them — is absorbed, and retained as 
essential to the condition of the matter formed. Let us 
confine our attention to wood — although the position 
applies equally to every organic product. A cubic foot 
of wood is formed by the decomposition of a certain 
quantity of carbonic acid, by the vital function of the 
plant, excited by the solar rays, which are involved in 
the mass which nature by " her wondrous alchemy^^ has 
made. Eventually this cubic foot of wood is subjected 
to a process of chemical change — combustion; by the 
application of a single spark, — and in the disintegration 
of the wood, its carbon combining with oxygen to form 
carbonic acid, its hydrogen to form water, which is re- 
turned to the air, a large amount of hght and heat is pro- 
duced. This is exactly equivalent to the amount which 
was engaged in its formation. Indeed, the sunshine which 
fell upon the leaves of the forest tree, of which the log 
formed a part, has been hoarded up, and we again deve- 
lope it in its original state of heat and light. 

The vast coal beds of England were formed by the 
rapid growth and quick decay of a peculiar class of 
plants imder the influence of a tropical sun. They have 
been buried myriads of ages, tmder hundreds of feet of 
sandy rock. By the industry of the miner the coal* 
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is brought again to the surface, and we develope ftom 
it those powers by which it was formed. 

In the fire which gives comfort to our homes — ^in the 
furnace which generates force for the purposes of manu- 
fecture, or to propel the railway engine and its pon- 
derous train — in the gas with which we lUumiQe our streets 
and gladden during the long winter nights our apart- 
ments^ we are developing that heat and light which fell 
upon' the earth with all its quickening influences mil- 
lions of ages before yet the Creator had called into 
existence the monarch Man, for whose necessities these 
wondrous formations were designed. 



1 1 
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CHAPTER Vn. 

LIGHT. 

Theories of the Nature of Light— Hyiiotiiflses of NewtoA taouSk 
Huygens— Sources of Light — The Sim— Velocity of Light — 
Transparency— Dark Lines of the Spectrum — Absorption of 
Light— Colour — Prismatic Analysis — Rays of the Spectrum 
— BMnhow— Difiraction — Interference — Ooethe's TheofT — 
Polarisation — Magnetisation of Light — Visioii — The £ye 
— ^Analogy— Sound and Light — Influence of Light on 
Animals and Vegetables — Phosphorescence arising from 
several Causes — ^Artificial light^ — Its Colour dependent on 
Matter. 

Light, the first creation, presents to the enquiring: 
mind a series of phenomena of the most exalted clia- 
racter. The glowing sunshine, painting the earth with 
all the brilliancy of colour, and giving to the landscape 
the inimitable charm of every degree of illumination, 
from the grey shadow to the golden glow; — ^the calm of 
evening, when, weary of the '' excess of splendour,^' the ' 
eye can repose in tranquillity upon the "cloud-land" 
of the west, and watch the golden and the ruddy hues^ 
fade slowly into the blue tincture of night ; — and the 
pale refulgence of the moon, with the quiet sparkle of 
the sun-lit stars, — all tend to impress upon the soul, the 
great truth that, where there is light, organisation and 
fife are foimd, and beyond its influence death and silence* 
hold supreme dominion.* Through all time we have 

♦ " These — oxygen, hydrogen, nitrogen, and carhon — are the 
four bodies, in fact, which, becoming animated at the ^ve of the 
sun, the true torch of Prometheus, approve themselves upon the 
earth the eternal agents of organisation, of sensation, of motion, 
and of thought." — Dumas, Legons de Philosophie Chimique, p. 100.. 
Pkris, ISai. 
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evidences &at this has been tihie prevailmg feelii^ of the 
human raoe^ derived^ of coarse, from their observation of 
the natural phenomena dependent upon luminous agency. 
In the myths of every country, impersonations of light 
prevail, and to these are referred the mysteries of the 
perpetual renewal dT life on the surfeu^ of the earth. 

This presentiment of a philosophic truth, in the in- 
stance of the poet sages of intdlectual Greece, was ad- 
vanoed to the highest degree of refinement; and the 
sublime exclamation of Plato : " Light is truth, and Gk)d 
ia h^t," approaches nearly to a divine revelation. 

As the medium of vision — ^as the cause of colour — as 
a power influencing in a most strikiug manner all the 
fonns of organisation arotmd us, light presented to the 
jaquiring minds of all ages a subject of the highest 
interest. 

The andent philosoj^ers, although th^lost them- 
selves in the metaphysical subtleties of their schools, 
could not but discover in light an element of the utmost 
inqpoirtance in natural operations. The alchemists re- 
sided the luminous principle as a most subtile fluid, 
(aipaUe of interpenetrating and mingling with gross 
Hiaitcar : gold being supposed to difier bom. the baser 
laetals o^y in containing a larger quantity of this ethe- 
leal essence.* Modem science, after investigating most 

* It will be found in examining any of the works of the alebe 
ousts, — ^particularly thofie of Geber, De mveniendi arte A%tri et 
Argenti, and his Be Alchemi&: Roger Bacon's Opus Majus, or 
Akipi^ Major J Helvetius' Brief of the Golden Calf: or Basil 
Valentine's Cwrrus TVnumphalis, — that in the processes of transmu- 
tation the solar light was supposed to be marvellously effective. 
In Boyle's Sceptical Chemist the same idea will be found pervad- 
ing it 

Amid all their errors, the alchemists were assiduoiis woric- 
tten, and to them we are indebted for niunerous facts. Of them, 
tad of their age, as contrasted with our own, Gibbon remarks : 
*-^ Congenial to the avarice of tho human heart, it was studied in 
China, as in Europe^ with equal eagerness and equal success. The 
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attentively a greater number of the phenomena of ligbl^ 
has endeavoured to assist the inquiry by the aid rf 
hypotheses. Newton, in a theory, which exhibits the 
refined character of that great philosopher's mind, si:^ 
poses luminous particles to dart from the surfEUses of 
bodies in ail directions — ^that these infinitely minute per- 
tides are influenced by the attracting and repelling forces 
of matter, and thus turned back, or reflected, from their 
superficies in some cases, and absorbed into their inte^ 
stitial spaces in others. 

Huyghens, on the contrary, supposes light to be caiued 
by the waves or vibrations of an infinitely elastic medium 
— Ether — diffused through all space, which waves are 
propagated in every direction from the luminous bod^. 
In the first theory, a limiinous particle is supposed aoto- 
aUy to come from the sun to the earth ; in the otber, 
the ^un only occasions a disturbance of the ether, whidi 
extends with great rapidity, in the same maimer at a 
wave spreads itself over the surface of a lake. 

Nearly all the facts known in the time of Newtoii, 
and those discovered by him, were explained moit 
satisfactorily by his hypothesis ; but it was found they 
could be interpreted equally as the efiects of undulatioiiy 
with the exception of the production of colour by pris- 
matic refraction. Although the labours of many 
gifted minds have been given, with the utmost devotioOy 
to the support of the vibratory theory, this simple fact 
has never yet received any satisfactory explanation ; and 
there are numerous discoveries connected with the mole- 
cular and chemical disturbances produced by the sun's 

darkness of the middle ages ensured a favourable reception to 
every tale of wonder; and the revival of leaniing gave new vigoiir 
to hope, and suggested more specious arts of deception. Phifoio- 
phy, with the aid of experience, has at length banished the study 
of alchemy; and the present age, however desi.ous of riches, u 
content to seek them by the humbler means of commerce and in- 
dustry.'*— Dcc/inc and Fall, vol. ii. p. 137. 
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»ys, wluch do not appear to be explained by the hypo- 
Aesis of emission or of nndalation. 

In both theories a wave motion is admitted, and every 
&ct renders it probable that this mode of progression 
lilies not only to light, but to the so-called imponder- 
^le farces in general. Admitting, therefore, the undu- 
latoiy movement of luminous rays, we shall not stop to 
consider those points of the discussion which have been 
«o ably dealt with by Young, Laplace, Fresnel, Biot, 
Frauenhofer, Herschel, Brewster, and others, but pro- 
ceed at once to consider the sources of light, and its 
more remarkable phenomena.* 

The sun is the greatest permanently luminous body 
we are acquainted with, and that orb is continually pour- 
ing ofip light from its surface in all directions at the rate, 
tinougfa the resisting medium of space and of our own 
ttmosphere, of 192,(X)0 miles in a second of time. It has 
•been oaloulated, however, that light would move through 
a vacuum with the speed of 192,500 miles in the same 
period. We, therefore, learn that a ray of light requires 
eight minut^ and thirteen seconds to come from the sun 
to us. In travelling from the distant planet Uranus, 
nearly three hours are exhausted ; and from the nearest 

* On tbe two theories the following may be consulted : — ^Young, 
SmmiemeHt to EncycloptBcUa Briiannicay article Chromatics j Fres- 
nel, StiypUment d, la Traduction Fran^aise de la bi^me Edition du 
fhiii de Chimie de Thomson, par Eifiault, Paris, 1822 ; HerscheVs 
Article, Light, in tbe Encyelopsedia Metropolitaua, and the French 
Translation of itbyQuetelet and Yerhulst; Airy's Tract on the 
UmUatcry Theory, in his Tracts, 2nd edition, Cambridge, 1831 : 
Powel, The Undulatorv Theory applied to Dispersion, &c. p. 184 ; 
Lloyd's Lectures, Dublin, 1836-41 ; Caucby, Sur le Mouvement des 
Confs ilastiques, Memoires de I'lnstitut, 1827, toI. ix. p. 114; 
TTUorie de la Lumiire, Ibid. vol. x. p. 293 ; M'Cullagh, On Double 
Sj^raction, Ibid., vol. xvL ; Geometrical Propositions applied to the 
Wmoe Theory qf Light, Ibid., vol. xvii. ; Sir David Brewster's 
Mpers in tbe Transactions of the Boyal Society of Edinburgh, and 
the Philosophical Magazine. 
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of the fixed stars each ray of light requires more Ouat 
six years to traverse the intervening space between it 
and the earth. Allow the mind to advance to the 
regions oi nebulae^ and it will be found that hundreds oT 
years must glide away during the passage of their radi»r 
tions. Consequently, if one of those masses of mattesTj or 
even <me of the remote fixed stars^ was '' blotted out or 
heaven^' to-day^ several generations of the finite inhabi- 
tants of this world would feuie out o£ time before the 
obliteration could be known to man. Here the immen- 
sity of space assists us in our conception^ limited though 
it be, of the for-ever of eternity.* 

AU the planets of our system shine with reflected 
fight, and ilie moon^ our satellite^ also owes her silvety 
lustre to the sun^s radiations. The fixed stars ai^ in 
all probability, suns shining firom the &r distance of 
space, with their own self-emitted lights. By the pho- 
tometric researches of Dr. Wollaston, we learn, howevtf^ 
that it would take 20,000 millions of such orbs as Siiiu% 
the brightest of the fixed stars, to afford as much fight 
as we derive firom the sun. The same observer has 
proved that the brightest effulgence of the full moon is 
yet 801,072 times less than the luminous power of our 
solar centre. 

* Results of Astronomical Observations made during the years 
1834-38. at the Cape of Good Hope, ^c. By Sir John Herschd, 
Bart, K.H., D.C.L., F.R.8.— " In the contemplation of the infi- 
nite, in number and in magnitude, the mind ever fails ns. We 
stand appalled before this mighty spectre of boimdless space, and 
faltering reason sinks under the load of its bursting conceptions. 
But, placed as we are on the great locomotive of our system, des- 
tined surely to complete at least one round of its ethereal eonrae, 
and learning that we can make no apparent advance on our skte- 
real journey, we pant with new aidour for that distaift bourne 
which we constantly approach without the possibility of reaching 
it. In feeling this disappointment, and patiently bearing it, let ns 
endeavoiu: to realise the great truth from which it flows. It cannot 
occupy our mind without exalting and improving it." — Strife > 
Brewster : North British Review 
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The cultivators of modem science are a bold race; not 
eontented with endeavouring to understand the physical 
earthy they are endeavouring to comprehend the condi- 
tion of the sokr surface. The mind of man can pene- 
trate fiur into nature^ and^ as it were^ fed out the mys- 
teriea of untraversed space. The astronomer learns of 
a peciitiar condition of lights which is termed polarisa- 
tion^ and he learns by ihis^ too^ that he can determine it 
from a bright luminous disc the light is derived from a 
solid mass in a state of intense ignition^ or from vapour 
in an incandescent condition. He adds a polarising a*p- 
paratus to his telescopes^ and he determines that the 
nght we darive from the sun is due to an envelope of 
vi^ponr — burnings in all probabihty — only with greater 
intensity^ as the gas which we now employ. This Pko* 
Uffhere — ^as it hi^ been called by the late French philo- 
lOj^er Arago^ is found to be subjected to violent disturb- 
WDce^ and the dark spots seen on the sun^s disc are now 
known to be openings through this mysterious envdope 
of lights which enable us to look in upon the dark body 
rf the son itself 

Lmninous phenomena may be produced by various 
meana— chemical action is a source of light; and^ under 
several circumstances in which the laws of affinity aie 
stnmgly exerted^ a very intense luminous effect is pro- 
dnoed. Under this head all the phenomena of combust 
tion are included. In the electric spark we have the 
development of light; and the arc which is formed 
between charcoal points a the poles of a powerful voltaic 
battery affords us the most intense artificial illumination 
vtfk which we are acquainted. In addition to these^ we 
bate the peculiar phenomena of phosphorescence arising 
fcom chemical> calorific, electrical^ actinic^ and vital ex- 
dtetion^ all of which must be particularly examined. . 

¥^m whatever soinrce we procure light, it is the same 
ia diaracter, differing only in intensity. In its action 
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upon matter^ we have the phenomena of transmission^ of 
reflection, of refraction, of colonr, of polarisation^ and of 
vision, to engage onr attention. 

A beam of white light falls upon a plate of colonrless 
glass, and it passes fr^ly through it, losing but little of 
its intensity ; the largest portion being lost by reflection 
from the first surface upon which the fight impinges. If 
the glass is roughened by grinding, we lose more light 
by absorption and by reflection from the asperities of 
the roughened surface ; but if we cover that face with 
any oleaginous fluid, as, for instance, turpentine, its 
transparency is restored. We have thus direct proof 
that transparency to light is due to molecular condition. 
This may be most stnkingly shown by an interesting 
experiment of Sir David Brewster^s : — 

If a glass tube is filled with nitrous acid vapour, which 
is of a duU red colour, it admits freely the passage of 
the red and orange rays with some of the others, and, if 
held upright in the sunshine, c&sts a red shadow on the 
ground; by gently warming it with a spirit-lamp, wliibt 
in this position, it acquires a much deeper and blacker 
colour, and becomes almost impervious to any of the 
rays of light ; but upon cooling it again recovers its 
transparency. 

It has also been stated by the same exact experimai> 
talist, that having brought a purple glass to a red het^ 
its transparency was improved, so that it transmitted 
green, yellow, and red rays, which it previously ab- 
sorbed ; but the glass recovered its absorptive powers as 
it cooled. A piece of yellowish-green glass lost its 
transparency almost entirely by being heated. Native 
yellow orpiment becomes blood-red upon being warmed, 
when nearly all but the red rays are absorbed ; and pure 
phosphorus, which is of a pale yellow colour, and trans- 
mits freely all the coloured rays upon being melted, be- 
comes very dark, and transmits no light. 
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Chemistry affords numerous examples of a very slight 
change of condition^ producing absolute opacity in fluids 
which were previously diaphanous.* 

Charooal absorbs all the light which falls upon it^ but 
in some of its states of combination^ and in the diamond^ 
which is pure carb on, it is highly transparent. Gold 
and silver beaten into thin leaves are permeated by the 
green and blue rays, and the metals in combination with 
acids are all of them more or less transparent. What 
becomes of the light which Mis upon and is absorbed 
by bodies, is a question which we cannot yet, notwith- 
standing the extensive observations that have been made 
by some of the most gifted of men, answer satisfactorSy. 
La all probability, as already stated, it is permanently 
retained within their substances ; and many of the expe- 
riments of exciting light in bodies when in perfect dark- 
ness, by the electric spark and other means, appear to* 
mpport the idea of light becoming latent or hidden. 

No body is absolutely transparent ; some light is lost 
in passing even through ethereal space, and still more in 
traversing our atmosphere. 

Amongst the most curious instances of absorption is 
that which is uniformly discovered in the solar spectrum,. 
particnliurly when we examine it with a telescope. We 
then find that the coloured rays are crossed by a great 
number of dark bands or lines, giving no light ; these 
are generally called Fraunhofer^s dark lines, as it was to 
tbe indefatigable exertions of that experimentalist, and 
by the aid of his beautiful instruments, that most of them, 
were discovered and measured, and enumerated, although 
they were previously noticed by Dr. Wollaston. It is 
quite dear that those lines represent rays which have 

• For examples of this, consult Graham's Elements of Che- 
mutry 2 Branae*s Mannal of Chemistry: or, indeed, any work 
treating of the science. The formation of ink, by mixing two 
eolourless solutions, one of gallic acid and another of sulphate o£ 
iron, may be taken as a familiar instance. 
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'heea absorbed in their passagefirom the sonto tiheeaiih : 
although some of them have no doubt and^^one ab- 
sorption within the limits of the earth's atmosphere^ ire 
ha?e every reason to believe, with Sir Jdm Herschel, 
that the principal absorption takes place in the atmos- 
phere of the sun.* 

It has been proved by Dr. Miller, that the number of 
those dark lines is continually varyii^ with the altera- 
tion of atmospheric conditions ;t ^^d the evidences 
which have be^ afforded, of peculiar states of absoorp- 
tion by the gaseous envelope of the earth, — during the 
prosecution of investigations on the chemical ag^icies , 
of the sun's rays. — ^are of a sufficiently convincing dia- 
racter. 

It has been calculated by Bouguer, that if our atmos- 
phere, in its purest state, could be extended rather more 
than 700 miles from the earth's surface instead of nearly 
4fO, as it is at present, the sun's rays could not penetrate 

• Sir John Herschel, in his paper On the Chemical Action ofthi 
Rays of the Solar Spectrum on Preparations of Silver, remarks that, 
'* it may seem too hazardous to look for the cause of this yery sin- 
gular phenomenon in a real difference between the chemical agen* 
cies or those rays which issue from the central portion of the snn's 
disc, and those which, emanating from its borders, have undergone 
the absorptive action of a much greater depth of its atmosphere; 
and yet t confess myself somewhat at' a loss what other cause to 
assign for it. It must suffice, however, to have thrown out the 
hint ; remarking only, that I have other, and, I am disposed to 
think, decisive evidence (which will find its place elsewhere) of the 
existence of an absorptive solar atmosphere, extending beyond the 
luminous one. The breadth of the border, I should observe, is 
small, not exceeding 0*5 or ^ part of the sun's radius, and this, 
from the circumstances of the experiment, must necessarily eir ia 
excess." — Philosophical Transactions, 1840. 

f Experiments and Observations on some Cases of Lines in the 
Prismatic Spectrum, produced bi/ the passage of Light thnmgh 
Coloured Vapours and Gase^, and from certain Coloured Plamei. 
By W. A. Miller, M.D.. F.R.S., Professor of Chemistry in King's 
Allege, London. — Philosophical Magazine, vol, xxvii. 
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it^ and this globe would roll on in darkness and silence^ 
withont a vestige of y^etabie form or of animal life. In 
the Hebrew version of the Mosaic History^ the reading 
is, " Let light appear :'' may not this really mean that 
the earth's atmosphere was so cleared of obstructing 
vapours, that the solar rays were enabled to reach the 
eartii? The same calculation supposes that sea- water 
loses all its transparency at the depth of 730 feet : but 
a dim twilight must prevail much deeper in the ocean. 

The reseEurches of Professor Edward Forbes have 
proved^ that at the depth of 230 fathoms in the ^Egean 
aea^ the few shelled animals that exist are colourless : no 
plants are found within that zone ; and that industriouis 
naturalist fixes the zero of animal life of those waters at 
about 300 fathoms. 'i' Since these zones mark the rapidly 
diminishing light, it is evident that where life ceases to be 
must be beyond the limits to which life can penetrate. 

* Report en the MoUusca and Radiata of the JBgean Sea, and 
m their distribution, considered as bearing on Geology, By £dward 
Forbes, F.R.S.,&c. — Reports of the British Association, vol. xii. Pro- 
kasor Forbes remarks :— *' A compaiison of the testacea, and other 
tninuds of the lowest zones, with those of the higher, exhihits a 
Tnj great distinction in the hues of the species, those of the 
depths being, for the most part, white or colourless, while those of 
the higher regions, in a great number of instances, exhibit biilh'ant 
«nnbinfltions of colour. The results of an enquiry into this sub- 
ject are as follows : — 

•• The majority of shells of the lowest zone are white or trans- 
plant; if tinted rose is the hue, a very few exhibit markings of 
toother eolour. In the seventh region, white species ai« also 
nrj abundant^ though by no means forming a proportion so great 
mttko eighth. Brownish red, the prevalent hue of the brachio- 
poda, also gives a charaHer of colour to the fauna of this zone ; 
te erustaeea (bund in it are red. In the sixth zone the colours 
baemne brighter, reds and yellows prevailing,— generally, how- 
ever, uniformly colouring the shell. In the fifth region many 
ipedes are banded or clouded with various combinations of colours, 
M tbe number of white species has fifreatly diminished In the 
fMotb, purple hues are frequent, and contrasts of colour common. 
In the second and third, green and blue tints are met with, some> 
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Our atmosphere^ chained with aqueous vapour^ senre^ 
to shield us from the intense action of the solar powers. 
By it we are protected from the destructiye influences 
of the sun's light and heat; enjoy those modified 
conditions which are most conducive to the healthful 
being of oi^anic forms; to it we owe "the blue sky 
bending over all/' and those beauties of morning and 
evening twilight of which 

Sound and motion own the potent sway, 



Responding to the charm with its own mystery 

To defective transparency, or rather to the different 
degrees of it, we must attribute, in part, the colours of 
permeable media. Thus, a glass or fluid appears yellow 
to the eye, because it has the property of admittmg the 
permeation of a larger quantity of the yellow rays than 
of any others ; — ^red, because the red rays pass it witii 
the greatest freedom ; and so on for every other colour. 
In most cases the powers of transmission and of reflec- 
tion are similar ; but it is not so in all ; a variety of fluor 
spar, which, while it transmits green light, reflects blue, 
and the precious opal, are striking instances to the con- 
trary. Some glasses which transmit yellow light have 
the singular power of dispersing blue rays from one sur- 

times very vivid ; but the gayest combinations of colour are aeea 
in the littoral zone, as well as the most brilliant whites. 

*' The animals of Testacea, and the Kadiata of the higher zones, 
are much more brilliantly coloured than those of the lower, where 
they are usually white, whatever the hue of the shell may be . 
. Thus the genus Trochus is an example of a group of forms mostly 
presenting the most brilliant hues both of shell and animal ; but 
whilst the animals of such species as inhabit the littoral zone are 
gaily chequered with many vivid hues, those of the greater depth, 
though their shells are almost as brightly covered as the coverings 
of their allies nearer the surface, have their animals, for the most 
part, of a uniform yellow or reddish hue, or else entirely white. 
The chief cause of this increase of intensity of colour as we ascend, 
is, doubtless, the increased amount of light above a certain depth." 
—p. 172. 
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hoe; and a solntioii of qidmiie in water acidulated with 
sDJ^hnric acid, alihoa^ perfediy transparent and colour- 
Isn when held between the eye and the light, exhibits, 
if viewed in a particular direction, a lively cerulean tint. 
Ueae effects being supposed to be due to the conditions 
of ibe sur&ce, haye b^n called epipoUc phenomena.* 
The careful investigation of these phenomena has 
made us acquainted with some very interesting facts, and 
indeed discovered to us a set of luminous rays which 
were previously imknown. The dispersion of blue light 
fiomthesurface of some yellow glasses — such as have b^n 
ooloured by the oxide of silver — ^is of a different order 
fiom that which takes place with the solution of sulphate 
of quinine, or with the fluor spar. The first depends 
upon a peculiar condition of the surface, while the latter 
pbeaomena are due to a dispersion which takes place 
wiikin the solid or fluid. In addition to the sulphate 
cf qoinine, and the flour spar, we obtain the same results 
in a Tery marked manner by a canary yellow glass, 

* ^A/Up(l>wa. On the Epipolic Dispersion of Light ^ beiDg a 
paper entitled, On a case of Superficial Colour presented by a homo- 
mmuoms Uqvid internally colourless. By Sir J. F. W. Herschel, 
But., K.H., F.R.S., &c. — An epipolizt^d beam of Kght (meaning 
tiiereby a beam which has once been transmitted through a quini- 
Snknis eolation, and undergone its dispersing action) is incapable 
^fmrtker undergoing epipolic dispersion. In proof of this the fol- 
lowing experiment may be adduced, — 

Aglass jar being filled with a qiiiniPerons solution, a piece of 
fltte glass was immersed in it vertically, so as to be entirely 
eotered, and to present one face directly to the incident light. In 
tUs situation, when viewed by an eye almost perpendicularly over 
iti 80 as to graze either surface very obliquely, neither the anterior 
■or pcmterior face showed the slightest trace of epipolic colour. 
Mow, the light, at its egress from the immersed glass, entered the 
Iquid under precisely the f«me circumstances as that which, when 
traversing the anterior surface of the glass jar, underwent epipolic 
di^rsion on first entering the liquid. It had, therefore, lost a 
property which it originally possessed, and could not, therefore, bo 
•onddered qualitatively the same light. — Philosophical Transac- 
tions, YoL cxxxvi. 
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coloured with the oxide of uraninin, and by a decoo 
tion of the inner bark of the horse-ehesnut tree. Mr. 
Stokes, who has investigated this class of phenomena, 
andproposestocallitF/t^ore^cence, from its being naturally 
seen in fluor-spar, has shown that the peculiar internal 
dispersion, and the consequent alteration of the colour 
of the ray, is due to an alteration in its re&angibility. 
Whether this hypothesis prove to be the correct one or 
not, it is certain that there exists a set of rays of fir 
higher refrangibility than those seen in the ordinary 
Newtonian spectrum. This may be shown in the follow- 
ing manner : taking either of the solutions named, or a 
block of uranium glass, throw upon one face, by means of 
a prism, a very pure spectrum. On looking into the 
glass or fluid there will be seen, commencing a^iidst the 
most refrangible rays, a new set of spectral rays, strog* 
gling to make their way through the absorbent mediniHu 
These are of a blue colour in the quinine or chesnut 
solution, and green in the uranium glass, and are seen 
extending themselves far beyond the most refrangible 
rays of the ordinary Newtonian spectrum. This is the 
space over which those rays which have the power of pro- 
ducing chemical changes, such as are rendered familiar 
by the practice of Photography, are detected in their 
greatest activity. It has, therefore, been supposed thai 
these fluorescent rays are the chemical rays rendered lu^ 
minous by the alteration of their refrangibility. Tliis 
view has received much support from the fact that the 
extra spectral rays are crossed with numerous dark = 
lines, and that in the chemical impressions these | 
lines are marked by unchanged spaces which exactly ^ 
coincide with them. There is, however, much doubt at 
the correctness of this, since, in the uranium glass of ^ 
such a thickness that these visible rays are quite ab* ^ 
sorbed, the chemical rays still pass. 

However, the whole question requires, and is receivini^ ; 
the most searching investigation. The discovery of - 



i 
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these phenomena, which are included under the term o£ 
Fluorescence, is of that interesting and important cha- 
racter, that it must be ranked as the most decided ad- 
vance which has been made in physical optics since the 
days of Newton. 

It is not improbable that those rays of such high 
refirangibility may, although they are under ordinary 
circuinstances invisible to the human eye, be adapted 
to produce the necessary degree of excitement upon 
which vision depends in the optic nerves of the night- 
roaming animals. The bat, the owl, and the cat, may 
see in tihe gloom of night by the aid of rays which are 
invisible to, or inactive on the eyes of man, or of those 
ttiimals which require the light of day for perfect vision. 

It is a general law of the radiant forces, that when- 
ever they fieJl upon any surface, a portion is thrown 
\mk or reflected at the same time as other portions are 
afaeorbed or transmitted. Upon this peculiarity appear 
to depend the phenomena of natural colour in bodies. 

The white light of the sun is well known to be com- 
poeed of several coloured rays. Or rather, according to 
Hie theory of undulationjs, when the rate at which a ray 
nbrates is altered, a different sensation is produced upon 
Hie optic nerve. The analytical examination of this 
fiertion shows, that to produce a red colour the ray of 
1^1^ must give 37,640 undulations in an inch, and 
468,000000,000000 in a second. Yellow light requires 
44,000 undulations in an inch, and 535,000000,000000 
ia a second ; whilst the effect of blue results from 51,110 
ttdnlations within an inch, and 622,000000,000000 of 
I in a second of time.* The determination of such 



i 



* In connection with this view, the Newtonian theory should 
U consulted, for which see — A Letter oj Mr. Isaac Newton, Pro- 
fnmr qf the Mathematicks in the University of Cambridge ; con- 
Ummg kis new Theory about Light and Colors : sent by the Author 
Uihe Pmblisher, from Cambric^e, teb, 6, 1671-72, in order to be 
T to the Royal Society. 
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points as these is among the highest refinements of 
science^ and^ when contrasted with the most suUime 
eiBforts of the imagination^ they must appear immea- 
surably superior. 

If a body sends back white light unchanged^ it appears 
white ; if the surface has the property of altering the 
vibration to that degree which is calculated to produce 
redness, the result is a red colour : the annihilati<m cf 
ihe undulations produces blackness. By the other view, 
€fr the corpuscular hypothesis, the beam of white light 
is supposed to consist of certain coloured rays, each of 
which has physical properties peculiar to itself, and thus 
is capable of producing different physiological effscto. 
These rays falling upon a transparent or an opaque bo^ 
sufiPer more or less absorption, and being thus dissevered, 
we have the effect of colour. A red body absorbs nSL 
the rays but the red; a blue surface, all but the blue; 
a yellow, all but the yellow ; and a black surface absorihi 
the whole of the light which falls upon it. 

That natural' colours are the result of white lights and 
not innate properties of the bodies themselves, is most 
conclusively shown by placing coloured bodies in mono- 
chromatic light of another kind, when they will appear 
either of the colour of that light, or, by absorbing it, 
become black ; whereas, when placed in light of their 
own character, the intensity of colour is greatly in- 
creasing. 

Every surface has, therefore, a peculiar constitution, 
by which it gives rise to the diversified hues of nature. 
The rich and lively green, which so abundantly over- 
spreads the surface of the earth, the varied colours of 
the flowers, and the numberless tints of animals, toge- 
ther with all those of the productions of the mineral 
kingdom, and of the artificial combinations of chemical 
manufacture, result from powers by which the relations 
of matter to light are rendered permanent, until its phy- 
sical conditions undergo some change. 
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There is a remarkable correspondence between the 
geographical position of a regiqn and the colours of its 
plants and animals. Within the tropics^ where 

" The sun shines for ever unchangeably bright," 

the darkest green prevails over the leaves of plants ; the 
flowers and fruits are tinctured with colours of the 
deepest dye, whilst the plumage of the birds is of the 
most vari^ated description and of the richest hues. In 
the people also of these climes there is manifested a 
desire for the most striking colours, and their dresses 
have all a distinguishing character, not of shape merely, 
but of chromatic arrangement. In the temperate 
eEmates everything is of a more subdued variety : the 
flowers are less bright of hue ; the prevailing tint of the 
winged tribes is a russet brown ; and the dresses of the 
inhabitants of these regions are of a sombre character. 
In the colder portions of the earth there is but little 
<X)lour ; the flowers are generally white or yellow, and 
the animals exhibit no other contrast than that which 
irhite and black afford. A chromatic scale might be 
formed^ its maximum poiat being at the equator, and its 
minimum at the poles.* 
He influence of light on the colours of organized 

* In that admirable work, The Physical Atlas of Dr. Berghaus, 
of which a very complete edition by Alexander Keith Johnstone 
iipiiblisbed in this country, the following order of the distribution 
«f plants is given ; — 

'• "^.Zr':"^' ""'l Equatorial zone. 

2. Tree ferns and figs . Tropical zone. 

3. Myrtles and laurels Sub- tropical zone. 

4. Evergreen trees . . Warm temperate zone. 



5. European trees 

6. Pines . 

7. Rhododendrons 

8. Alpine plants 



Cold temperate zone. 
Sub-arctic zone. 
Arctic zone. 
Polar zone. 



Consult Humboldt, Essai sur la Geographie des Plantes, Paris, 
1^; De Distributione Qeographicd PUmtarum, Paris, 1817. 



134 PRISMATIC ANALYSIS OF THE SOLAB BAT. 

creation is well shown in the sea. Near the shores we 
find sea-weeds of the most beautifiil hnes, parti* 
cularly on the rocks which are left dry by the tides ; 
and the rich tints of the actiniae^ which inhabit shallow 
water, must have been often observed. The fishes which 
swim near the surface are also distinguished by the 
variety of their colours, whereas those which live at 
greater depths are grey, brown, or black. It has been 
found that after a certain depth, where the quantity of 
light is so reduced that a merer twilight prevails^ the 
iidiabitants of the ocean become nearly colourless. 
That the sun's ray alone gives to plants the property of 
reflecting colour is proved by the process of blanching, 
or etiolation, produced by artificially excluding the light. 
By a triangular piece of glass — a prism, — we are enabled 
to resolve light into its ultimate rays. The white pencil 
of light which falls on the first surface of the piism is 
Tjent from its path, and coloured bands of different 
colours are obtained. These bands or rays observe a 
curious constancy in their positions : the red ray is 
always the least bent out of the straight path: the. 
yellow class comes next in the order of refrangibility ; 
and the blue are the most diverted from the vertex of 
the prism. The largest amount of illuminating power 
exists in the yellow ray, and it diminishes towards either 
end.* It is not uninteresting to observe something like 

Schouw, Grunduzge der Pflamengeographie. Also his Earthy PUmtTt 
and Man J translated by Henfrey, in BohCs Scientific Library, 
Lamouroux, Giographie Physique. The Plant, a Biography : by 
Schleiden ; translated by Henfrey. Physical Geography : by 
Mi*8. Somerville, 
* Frauenbofef 8 measure of illuminating power is as follows : — 
At the 22nd degree of the red . . 0*082 



34th degree of the red 
22nd degree of the orange 
10th degree of the yellow 
42nd degree of the yellow 
2nd degree of the blue 
16th degree of the indigo 
4nrd dejp'oc of the riolot 



0094 
0-640 
1-000 
0-480 
0-170 
0-031 
ooor;fi 
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the same variety of colour occurring at each end of the 
prismatic spectrum. The strict order in which the pure 
and mixed coloured rays present themselves is as 
follows : — 

1. The extreme red: a ray which can only be dis- 
covered when the eye is protected from the glare of the 
other rays by a cobalt blue glass, is of a crimson 
character — a mixture of the red and the blue, red 
predominating.* 

2. The rea: the iirst ray visible imder ordinary cir- 
cumstances. 

3. The orange : red passing into and combining with 
yeflow. 

4. The yellow : the most intensely luminous of the 
wys, 

5. The green : the yellow passing into and blending 
irifli the blue. 

6. The blue: in which the light very rapidly di- 
minishes. 

7. The indigo : the dark intensity of blue. 

8. The violet : the blue mingled again with the red — 
Uue being in excess. 

9. The lavender grey : a neutral tint, produced by 
the combination of the red, blue, and yellow rays, which 
is discovered most easily when the spectrum is thrown 
upon a sheet of turmeric paper, 

10. The fluorescent rays : which are either a pure 
fikery blue or a delicate green. 

Newton regarded the spectrum as consisting of seven 
ooloors of definite and imvarying refrangibility. Brews- 
ter and others appear to have detected a great diflfusion 



• Herschel, On the Action of Crystallized Bodies oh Homo- 
Seuous LAght, and on the causes of the deviation from Newton s scale 
a the tints which many of them develope on exposure to a polarized 
f^.— Phil. Trans., vol. ex., p. 88. 
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of theccdoimoTer the spectram^ and r^ard white light as 
consistingonly of three rays^ which in the prismaticimages 
overlap each other; and from these — ^red^ yellow^ and 
Mne — ^all the others can be formed by combination in 
varying proportions. The trath will probably be found 
to be, that the ordinary prismatic spectrum is a com- 
ponnd of two spectra : — that is, as we have the ordinary 
rainbow, and a supplementary bow, the colours of whidi 
are inverted, so the extraordinary may be somewhat 
masked by the intense light of the ordmary spectrum ; 
and yet by overlapping produce the variations of colour 
in the rays. We have already examined the heating 
power found in these coloured bands, which, although 
shown to be in a remarkable manner in constant 
agreement with the colour of a particular ray, is not 
directly connected with it ; that is, not as the effect 
of a cause, or the contrary. The chemical action of the 
solar rays, to which from its important bearings we shall 
devote a separate chapter, has, in like manner with 
heat, been confounded with the sun^s luminous power; 
but although associated with light and heat, and modi- 
fied by their presence, it must be distinguished fiK>m 
them. 

We find the maximum of heat at one end of the 
spectrum, and that of chemical excitation at the other 
— ^luminous power observing a mean point between them. 
Without doubt we have these powers acting recipro- 
cally, modifying all the phenomena of each other, and 
thus giving rise to the diflBculties which beset the in- 
quirer on every side. 

We have beautiiu] natural illustrations of luminous 
refraction in the rainbow and in the halo : in both cases 
the rays of light being separated by the refractive power 
of the faUing rain drop, or the vesicles which form the 
moisture constituting a fog. In the simple toy of the 
child — the soap-bubble floating upon the air — ^the phi- 
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losopher finds subjects for his contemplation ; and from 
the iinriyalled play of colours which he discovers in 
that attenuated film, he learns that the varying thick- 
nesses of surfaces influence, in a most remarkable 
manner, the colours of the sunbeam. Films of oil 
floatipg upon water present similar appearances; and 
the colours developed in tempering steel are due en- 
tirely to the thickness of the oxidized surface produced 
Toy heat. There have lately been introduced somebeautiful 
specimens of paper rendered richly iridescent by the fol- 
lowing process : — A solution of a gum resin in chloroform 
is floated upon water, where it forms a film giving all the 
colonrs of Newton's rings. A sheet of paper which 
has been previously sunk in the water is carefully lifted, 
and the film thus removed adheres with great firmness 
to the paper, and produces this rich and curious play oi 
colour. The rich tints upon mother-of-pearl, in the 
feathers of many birds, the rings seen in the cracks of 
iock-(3rystal, or between the unequal faces of two pieces 
of glass, and produced by many chemical and indeed 
mechanical operations — are all 0¥ring to the same cause ; 
— the refraction of the luminous pencil by the condition 
of the film or surface. If we take one of those sted 
ornaments which are formed by being covered with an 
immense number of fine lines, it will be evident that 
these striae present many different angles of reflection, 
and that, consequently, the rays thrown baek will, at 
some point or another, have a tendency to cross each 
other. The result of this is, that the quantity of light 
is augmented at some points of intersection, and annihi- 
lated at others.* Out of the investigation of the phe- 
nomena of diffraction, of the effects of thin and thick 
{dates upon light, and the results of interference, has 

* On the Nature of Light and Colours : Lecture 39, in Young's 
Ltctures on Natural PhUosophy, KeUand's Edition, p. 373, and the 
«nthojities there quoted. 
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arisen the discovery of one of the most remarkable con- 
ditions within the range of physical science. 

Two bright lights may be made to produce darkness. 
— li two pencils of light radiate from two spots very 
close to each other in such a manner that they cross 
each other at a given point, any object placed at that 
line of interference "will be illuminated with the sum 
of the two luminous pencils. If we suppose those rays 
to move in waves, and the elevation of the wave to 
represent the maximum of luminous effect, then the 
two waves meeting, when they are both at the height of 
their undulation, will necessarily produce a spot of 
greater intensity. If now we so arrange the points of 
radiation, that the systems of luminous waves pro- 
ceed irregularly, and that one arrives at the screen 
half an undulation before the other, the one in 
elevation falling into the depression of the other, a 
mutual annihilation is the consequence. This fact, 
paradoxical as it may appear, was broadly stated by 
Grimaldi, in the description of his experiments on the 
inflection of light, and has been observed by many 
others. The vibratory hypothesis, seizing upon the 
analogy presented by two systems of waves in water, 
explains this plausibly, and many similar phenomena of 
what is called the interference of light ; but still upon 
examination it does not appear that the explanation is 
quite free from objection.* 

Another theory, not altogether new to us, it being in- 
dicated in Mayer^s hypothesis of three primary colours 
(1775), and to be found as a problem in some of the 
Encyclopaedias of the last century, has been put forth, 
in a very original manner, by that master-mind of intel- 
lectual Germany, Goethe ; and from the very compre- 
hensive views which this poet-philosopher has taken of 

* Brewster's Op/ic* ; Lardner's Cabinet Cyclopaedia. Herschel, 
On Light : EDcyclopsedia Metropolitana. 
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both animal and vegetable physiology (views which have 
been adopted by some of the first naturalists of Europe), 
we are bound to receive his theory of colours with every 
respect and attention. 

Groethe regards colour as the "thinning*^ of light; 
for example, by obstructing a portion of whitelight, yellow 
is produced ; by reducing it still farther, red is sup- 
posed to result ; and by yet farther retarcUng the free 
passage of the beam, we procure a blue colour, which is 
the next remove firom blackness, or the absence of 
light. There is truth in this ; it bears about it a sim- 
plicity which will satisfy many minds ; by it many of 
the phenomena of colour may be explained : but it is 
insufficient for any interpretation of several of those 
laws to which the other theories do give us some insight. 
. Newton may have allowed himself to be misled by 
the analogy presented between the seven rays of the 
spectrum and the notes in an octave. The mystic 
number, seven, may have clung Uke a fibre of the web 
of superstition to the cloak of the great philosopher ; 
but the attack made by Goethe upon the Newtonian 
philosophy betrays the melancholy fact of his being 
diseased with the lamentable weakness of too many 
exalted minds — an overweening self-esteem. 

The polarization of light, as it has been unfortunately 
called — unfortunately, as conveying an idea of deter- 
minate and different points or poles, which only exists 
in hypothetical analogy — presents to us a class of phe- 
nomena which promise to imclose the mysterious doors 
of the molecular constitution of bodies. 

This remarkable condition, as produced by the re- 
flection bf light from glass at a particular angle, was 
first observed by Malus, in 1808,* when amusing him- 
aelf by looking at the beams of the setting sun, reflected 

* Malus, Sur une ProprUti de la iMmQre RSflichie : Memoires 
d'Arcueil. Numerous memoirs by Sir David Brewster, in the 
Philosophical Transactions. 
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from the windows of the Luxembourg Palace through 
a double refracting prism. He observed that when the 
prism was in one position, the windows with their golden 
rays were visible ; but that turned round a quarter of a 
circle from that position^ the reflected rays disappeared 
although the windows were still seen. 

The phenomenon of double refraction was noticed, in 
the first instance, by Erasmus Bartoliii, in Iceland-spar^ 
jA crystal the primary form of which is a rhombo- 
hedron ; who perceived that the two images produced 
by this body were not in the same physical conditiona.* 
It was also studied by Huyghens and Sir Isaac Newtoa, 
and to our countryman we owe the singular idea that a 
ray of light emerging from such a crystal has sides. 
This breaking up of the beam of light into two, — which 
is shown by looking through a pin-hole on a car^ 
through a crystal of Iceland spar, when two holes be- 
come visible, is due to the different states of tension in 
which the difiFerent layers constituting the crystal exist. 

In thus separating the ray of light into two rays, the 

* Bartholin, On Iceland Crystals : Copenhagen, 1669. AnAccompt 
<lf sundry Experiments made and communicated by that Learn d 
Mathematician Dr. Erasmus Bartholin, upon a Chrystal like 
Bodif sent to him out of Island: in connection with which Dr. 
Matthias Paissenius writes : — The observations of the excellent 
Bartholin upon the Island Chrystal are, indeed, considerable, as 
well as painful. We have here, also, made some tiyals of it upon 
3, piece he presented me with, which confirm his observations. 
Mean time he found it somewhat scissile and reducible by a knife 
into thin laminas or plates, which, when single, shew'd the object 
single, but laid upon one another shew'd it double ; the two images 
appearing the more distant from one another, the greater the num- 
ber was of those thin plates laid on one another. With aubmission 
to better judgements I think it to be a kind of Selenites. Some 
of our carious men here were of opinion that the Rhomboid figure 
proper to this stone was the cause of the appearances doubled 
thereby. But having tryed whether in other transparent bodies 
of the like figure the like would happen, we found no such thing 
in them, which made us suspect some peculiarity in the very Body 
of the stone. — Phil. Trans, tor 1670, vol. v. 
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ocmdition called polarisation has been produced^ and 
by experiment we discover that the single ray hafi^ 
properties different from those of the componnd or 
ordinary ray. 

It is somewhat difficult to explain what is meant by, 
and what are the conditions of^ polarised light . In the 
first instance let ns see by what methods this pecnliar 
state may be brought about. 

If we reflect a ray of light from the surface of any 
body, fluid or solid, but not metaUic, at an angle between 
53^ and 68^ it undergoes what has been called j9/ane 
polarisation. It may also be produced by the refraction 
of light from several refracting surfaces acting upon the 
pencil of light in succession ; as by a bundle of plates 
of glass. Each surface polarises a portion of the pencil, 
and the number of plates necessary to polarise a whole 
beam depends upon the intensity of the beam and the 
angle of incidence. Thus, the light of a wax candle is 
wholly polarised by forty-seven plates of glass at an 
angle of 40° 41'; while at an angle of 79° 11' it is 
polarised by eight plates. Again, plane polarisation 
may be produced by the double refraction of crystals. 
Each of the two pencils is polarised, like light re- 
flected from glass at an angle of 56° 45', but in opposite 
planes. 

Non-scientific readers will still ask, — ^What is this 
mysterious condition of light which is produced byre* 
flection and refraction at peculiar angles to the incident 
ray. It is one of the most difficult of problems to 
express in popular language. The conditions are, 
however, these : — 

An ordinary ray of light will be reflected from a re- 
flecting surface at whatever angle that surface may be 
placed in relation to the incident beam. 

A polarised ray of light is not reflected in all positions 
of the reflecting surface. 

An ordinary ray of light is freely transmitted through 
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Wk transparent medium, as glass, in whatever position it 
may be placed relative to the source of light. 

A polarised ray of light is not transmitted in all the 
positions of the pelrmeable medium. 

Supposing a plate of glass is presented at the angle 
66° to a polarised ray, and the plane of incidence or 
reflexion is at right angles to the plane of polarisation 
of the ray, no light is r^cted. If we turn the plate of 
glass round through 90°, when the plane of reflexion is 
parallel to that of polarisation the light is reflected. K 
we turn the plate round another 90°, so that the plane 
of reflexion and of polarisation are parallel to each other, 
again no light is reflected] and if we turn it through 
another 90° the reflection of the ray again takes place. 

Precisely the same result takes place when, instead of 
being reflected, the polarised ray is transmitted. 

Some substances have peculiar polarizing powers : 
the tourmaline is a familiar example. K a slice of 
tourmaline is taken, and we look at a common pencil 
of light through it, we see it in whatever position we 
may place the transparent medium. If, however, we 
look at a pencil of polarised light, and turn the crystal 
round, it will be found that in two positions the light is 
stopped, and that in two other positions it passes fipeely 
through it to the eye. 

By way of endeavouring to conceive something of 
what may be the conditions which determine this very 
mysterious state, let us suppose each ray of light to 
vibrate in two planes at right angles to each other : one 
wave being vertical and the other horizontal. We have 
many examples of this compoimd motion. The mast of 
a ship, by the force with which she is urged through 
the water, describes a vertical wave, while by the roll of 
the billows across which she sails, a lateral undulation 
is produced at the same time. We may sometimes 
observe the same thing when a fleld of com is agitated 
by ashifting wind on a gusty day. 
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The hypothesis therefore is, that every ray of ordi- 
nary light consists of two rays vibrating in different 
planes; and that these rays, separated one from the* 
other, have the physical conditions which we call 
polarized. 

The most transparent bodies may be regarded as 
being made np of atoms arranged in certain planes. 
Suppose the plane of lamination of any substance to be 
vertical in position, it would appear that the ray which 
has a vertical motion passes it freely, whereas if we 
turn the body round so that the planes of lamination 
are at right angles to the plane of vibration of the ray, 
it cannot pass. 

That some action similar to that which it is here 
endeavoured to express in popular language does take 
place, is proved by the correctness of the results deduced 
by rigid mathematical analyses founded on this hy- 
pothesis. 

There are two other conditions of the polarization of 
h^t — called circular and elliptical polarization. The 
firet is produced by light when it is twice reflected from 
the second surface of bodies at their angle of maximum 
polarization, and the second by reflexions from the sur- 
fiM»5 of metals at angles varying from 70° 45' to 78"^ 30'. 
The motion of the wave in the first is supposed to be 
drcnlar, or to be that which is represented by looking 
along the centre of a corkscrew as it is turned round. 
At every turn of the medium effecting circular polari^ 
zaiion the colour of the ray of light is changed after a 
uniform order. If turned in one direction, they change 
tibroogh red, orange, yellow, green, and violet ; and if 
in the other direction, the colours appear in the contrary 
Older. 

•He variety of striking effects produced by the polari- 
zation of light; the imexpected results which have 
«pnmg from the investigation of the laws by which it 
is regulated ; and the siogular beauty of many of ita 
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phenomena^ have made it one of the most attractiye* 
subjects of modem science. 
* Ordinary light passes through transparent bodies 
without producing any yery striking effects in its pas- 
sage ; but this extraordinary beam of light has the 
power of insinuating itself between the molecules of 
bodies^ and by iUuminating them^ and giving them every 
variety of prismatic hue, of enabling the eye to dd^ect 
something of the structure of the mass. The chromatic 
phenomena of polarized light are so striking, that no 
description can convey an adequate idea of their cha- 
racter. 

Spectra more beautiful and intense than the pris- 
matic image, — systems of rings far excelling those of 
ihin plates, — and forms of the most symmetric order, are 
constantly presenting themselves, as the polarized ray is 
passed through various transparent substances; the 
path of the ray indicating whether the crystal has been 
formed round a single nucleus or axis, or whether it 
has been produced by aggregation around two axes. The 
coloured rings, and the dark or luminous crosses whidi 
distinguish the path of the polarized ray, are respectively 
due to different states of tension amongst the particles, 
although those differences are so slight, that no other 
means is of sufficient delicacy to detect the variation. 

The poetry which surrounds these, in every way, myste- 
rious conditions of the solar beam, is such, that it is with 
difficulty that imagination is restrained by the stem 
features of truth. The uses of this peculiar property in 
great natural phenomena are not yet made known to 
us ; but, since we find on every side of us the natural 
conditions for thus separating the beam of light, and 
effecting its polarization, there must certainly be some 
most important end for which it is designed by Him 
who said, " Let there be Light." 

It must not be forgotten that we have at command 
the means of showing that the chromatic phenomena of 
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polarized light are due to atomic arrangement. Sy 
altering the molecular arrangement of transparent bodies^ 
either by heat or by mere mechanical pressure, the un- 
equal tension or strain of the particles is at once indi- 
cated by means of the polarized ray of light and its 
rings of colour. Differences in the chemical constitu- 
tion of bodies, too slight to be discovered by any other 
mode of analysis, can be most readily and certainly 
detected by this luminous investigator of the molecular 
forces.* 

Although we cannot enter into an examination of all 
the conditions involved in the polarization of, and the 
action of matter on, ordinary light, it will be readily con- 
ceived, from what' has beeen already stated, that some 
most important properties are indicated, beyond those 
which science has made known. 

Almost every substance in nature, in some definite 
position, appears to have the power of producing this 
diange upon the solar ray, as may be satisfactorily shown 
by examining them with a polarizing apparatus.f The 
sky at all times furnishes polarized light, which is most 
intense where it is blue and unclouded, and the point of 
maximnm polarization is varied according to the relative 
position of the sim and the observer. A knowledge of 
this fSact has led to the construction of a " Solar Clock,^' J 

* On the Application of the Laws of Circular Polarization to the 
Beiearekes of Chemtstry: by M. Biot. — Nouvelles Annales du 
Unseam d'Histoire Naturelle, vol. iii., and Scientific Memoirs, 
T<^ L p. 600. On Circular Palarization : by Dr. Leeson. — 
Hemoirs of the Chemical Society. 

f In Sir David Brewster's Treatise On Optics^ chap, xviii., On 
fUttrization^ the best arrangements for a polarizing apparatus will 
^ found described. 

J This beautiful application was recently made by Professor 
Wheatstone, the particulars of which will be found in his intereet- 
iog oommunication. — On a means of determining the apparent 
Wr Time by the diurnal changes of the Plane of Polarization 
et ike Northern Pole of the Sky : Keport of the Eighteenth 
Mming of the British Association. 

L 
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-with wlmdi thelBcrar can be readily determined by »;flmm- 
ing Ae ixdarized ccmdifcicni of the fiky . It /has been staked, 
that <diemical change -cm the Daguerreotvspe platefi asMiton 
phcdK^raphic psqaers is more readily pvoduoed by dlie 
pdariaed than by the ordinary sunbeam.* If ^fliis Act 
be ^fistabliflhed by iotiire myeetigations^ we advanoe a 
step towards the discovery so mndi desideratod^f Ae 
part it plays in natural operations. 

The refined and accurate investigatiaQS of Xhr. Eaca- 
day stand prominently forvrard amid those which wSl 
redeem the present age from the charge of being A^er- 
&nal, and they wiU^ tibrough all time^ be referred teas 
iUustinonB examples of the inflnence of a lovreof imA 
tar tmtit'fi sake^ in entire independence of the madbat- 
able^ahie^ which it has been unfortunately too 
the fashion to regard. The searching .^xamioatiQin 
hy iltis " interpreter of nature '^ into the phenomflna of 
G^otricity in all its forms^ has led him onward totaiae 
mdrat 'coimexion, if any^ existed between this {paapi 
natural agent and the luminous principle. 

Sy (employing idiat subtile aimlyzer^ a ^polarkied njr^ 

'- (On ithe Palarizaiion of ihe Chemical Bays qf Ligki: Igf 
tlohu Suthfirland, M.D., in which the author reliefs to the follow- 
ing experiment of M. J. E. Berard — " I received the dhemieal 
rays directed into the -plane of the meridian on an unsilvered glasB, 
under an incidence of SS** 61. The rays reflected hy the first ^ISB 
ware received .upon a.fiecond, imder the same incidence. I found 
that when :&is was tumed towards the south, the muxiateof silMr 
expooed to the invisible rays which it .reflected was darkanad -in 
less :thttn half an hour.; jwhereas, when it was tumod towiurds&B 
west, the muriate of silver exposed in the place where the JOfi 
onght todiave been oreflocted, was not darkened, although itnas 
left exposed for two houis. It is consequently to.be jiifinn«ai 
that the chemical rays can undergo double refraction in trawranig 
ceztaizi < diaphanous ^bodies ; and lastly, we onay say that .theyw^ 
the same phgrncal proportifis as light in .general." — Philjiaojihiwl 
Magaaine, vstl. xx. 

&. ^aeasm has stated that Baguerreot^qie .piotures can .bB takai 
movedBaadil^r uiiflerthe influence of polaiized light, Ihan'byoovfr 
nary radiation. 
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9r. Fkraday has been enQ,bled to detect and exhibit 

fdTects of a most starfling character. He has proved 

magnetism to have the power of inflaencing a ray of 

light in its passage through iransparent bodies. A ' 

polfixiaed ray is passed throng a piece of glass or a 

cryataL^'Or along the lengfli of a tube filled with some 

tranBparent fluids and tibe line of its path carefully 

obBerved ; if, when this is done, the solid or liuid body 

is brought omder powerful magnetic influence, such as 

we have at command by making a very energetic voltaic 

current circulate around a bar of soft iron, it will be 

ftond thflob the polarized ligbt is disturbed; that, indeed, it 

doQB fact permeate the medium along the same line.* 

TUb «flBBct is most strikingly shown in bodies of "ftie 

grestert- density, and diminished in fluids, 1;he particles 

rfwhidi are easily moveable over each other, and bas 

not Mtierto been observed in any gaseous medium. 

* Onihe Magnettzation of Light, and the Ulummation of Magnetic 
Umif Force: by Micbael Faraday, D.C.L.,F.R.S.—Pbilo80|*hioal 
Dnnsaotions, vol. csxxxvii.— T^he following Temarks are to the 
. point of doubt referred to in the text. — "The magnetic forces do 
not act on the ray of light directly and without the intervention of 
nmttBr, but through the mediation of the substance in which they 
end the ray have a-nmultaueous existence; the substances and 
tfae-forces ifiving to and receiving from each other the power of 
acting on tibe light This is «hown by the non-action of a vacuum, 
<if air or gases, and it is also further shown by the special degree 
in wfaicfa different matters possess the property. That magnetic 
feree acts upon the ray of light always with the same character of 
■ MUB B t , and in the same direction, independent of the different 
wieCies of substance, or their. states of solid or liquid, or their 
tptoific .rotative force, shows that the magnetic force and the l^ght 
mrt a direct relation; but that substances are necessary, and.1tot 
ftonvotin difierent degrees, shows that the magnetism and the 
l^ght not on oach other through the intervention of the matter, 
ftmgnisiiig'or perceiving mo^^er only by its powers, and knowing 
loihmg of any imaginary nucleus abstract from the idea of these 
)MNrarB, the phenomena described must strengthen my inclination 
tortroBtinthe views I have advanced in reiterenoe to its-natiure." — 
Adl. Vag. vol. -xxiv. 
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The question, therefore, arises, — does magnetism act 
directly upon the ray of light, or only indirectly, by pro- 
ducing a molecular change in the body through which 
the ray is passing ? This question, so important in its 
bearings upon the connexion between the great physical 
powers, will, no doubt, before long receive a satisfactory 
reply. A medium is necessary to the production of the 
residt, and, as the density of the medium increases, the 
effect is eidarged : it would therefore appear to be due 
to a disturbance by magnetic force of the particles 
which constitute the medium employed. 

Without any desire to generalize too hastily, we can- 
not but express a feeling, — amounting to a certainty in 
our own mind, — ^that those manifestations of luminous 
power, connected with the phenomena of terrestrial 
magnetism, which are so evident in all the circum- 
stances attendant upon the exhibition of Aurora Borea- 
lis, and those luminous clouds which are often seen, 
independent of the Northern Lights, that a very inti-. 
mate relation exists between the solar radiations and 
that power which so strangely gives polarity to this 
globe of ours. 

In connexion with the mysterious subject of solar 
light, it is important that we should occupy a brief 
space in these pages with the phenomena of vision, which 
is so directly dependent upon luminous radiation. 

The human eye has been rightly called the '' master- 
piece of divine mechanism ;^^ its structure is complicated, 
yet all the adjustments of its parts are as simple as> 
they are perfect. The eye-ball consists of four coats. 
The cornea is the transparent coat in front of the 
globe ; it is the first optical surface, and this is attached 
to the sclerotic membrane, filling up the circular aper- 
ture in the white of the eye ; the choroid coat is a very 
delicate membrane, lining the sclerotic, and covered 
with a perfectly black pigment on the inside ; and close 
to this lies the most delicately reticulated membrane. 
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Uie retina, whicli is^ indeed^ an extension of the optic 
nerve. These coats enclose three humonrs^ — ^the aqueous^ 
the vitreous, and the crjrstalline humours. 

The eye, in its more superficial mechanical arrange- 
ments, presents exactly the same character as a camera 
obscura, the cornea and crystalline lens receiving the 
images of objects refracting and inverting them ; but 
haw infinitely more beautiful are all the arrangements of 
the oi^an of vision than the dark chamber of Baptista 
Porta !* The humours of the eye are for the purpose 
of correcting the aberrations of light, which are so 
evident in ordinary lenses, and for giving to the whole 
an achromatic character. Both spherical and chromatic 
aberration are corrected, the latter not entirely, and by 
the agency of the cornea and the crystalline lens perfect 
images are depicted on the retina, in a similar way to 
Hboee very charming pictures which present themselves 
in the table of the camera obscura. 

The seat of vision has been generally supposed to be 
Ifae retina ; but Mariotte has shown that the base of the 
optic nerve, which is immediately connected with the 
retina, is incapable of conveying an impression to the 
brain. The choroid coat, which Ues immediately behind 
Uie retina, is regarded by Mariotte and Bernoulli as the 
more probable seat of vision. The retina, being trans- 
parent, offers no obstruction to the passage of the light 
onward to the black surface of the choroid coat, from 
nhich the vibrations are, in aU probability, communicated 
to tibe retina and conveyed to the brain. Howbeit, upon 
ooe or the other of these delicate coats a distinct image 

* The invention of the camera ohscura certainly belongs to 
Oiambattista Porta, and is described in his Magite Naturalise sive 
itMiraeidis Rerum Naturalivnij Libri Viginti; Antwerp, 1561. 
-/b English translation made in 1658 exists, but I have not seen 
it. 

Hooke, in one of the earliest volumes of the Philosophical Trans- 
actions, describes as new many of the phenomena mentioned by 
Porta, and particularly the images of the dark chamber. 
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is impressed bj light, aad the communioatioiir made* 
witb. the bcain possibl^r by a vibratory: action^. We m^ 
trace up the phenomena of vision to this point ;, we. may 
coaceive undnlations. o£ lights difiGering in yelxmty. and 
leaogth o£ wav^^. occasioning corresponding^ tremors, in 
thfi-neuralgic system. of the eye; but. how these.?ibEa^ 
tions are. to communicate, correct impressiomk of Iffioigt^ 
bseadth^ and thickness^, no. one has> yet undeartd&entto* 

It.has^ however,, been justly said, by Hersdlel :• — 

^^ It. is the boast of science to have been able, to/tnace 
SO) fai^ the refined^ contrivances of this-mo^ ailnniisfj^lft- 
cocg^^.not its shame to find something still Gonaealed' 
&onr^ scrutiny; for, however anatomists* may diffi^ out 
points of structure^ or physiologists dispute on.^mQdfl&4if 
action^. there is that in what we do understand o£ ^b»^ 
fiuanation of the eye^ so similar^ and yet. so infinibai|p' 
superior to a product of human ingenuity ; suohtfaougiity. 
soflh care, such refinement^ such advantage taken* Qfitihe- 
properties of natural agents used as mere instnimeiii» 
&ir accomplishing a given end^ as force uponuaa oanf- 
victiont of deliberate choice and premeditated desigm 
more strongly, perhaps, than any single oontri^^oft to- 
be found whether in art or nature, and renders its studjr 
an object of the greatest interest/^* 

Hkus the reader ever asked himself why it is, , hsving^ 
two/ eyes> and consequently two pictures produoed upan 
Ijie tablets of vision, that we see only one object? Aa*^ 
Gordiag to the law of visible direction, all the rays pasfr- 
ing. through the crystalline lenses converge to one point 
upon the retina, — and as the two images are coincident 
andnearly identical, they can only produce the sensation 
o£ one upon the brain. 

When we look at any round object, as the ornamented 
moderator lamp before us, first with one eye, and* then* 
mdi the other, we discover that, with the right eye, we- 

^ Herschel, On Lights — Encyclopaedia Metropolitana. 
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namoBt c£ the riglit-fauiGk &ade of tike ki9|)^ and wi& the 
left epfe mcoe ^ Ae left-hand side. Theae twa images 
am* O0ra1rined> and we see an. object wlich we^kmoirte 

iMMOlBodl 

'Riis is iUofitratedi in a mo«t interesting irrannnsr 1^ 
the litlier optical nsstrnment^ ^Atf Stereoscope, lit ennaists 
9&KSF of two^iBEirrois phwed eack at sn mgle o£ 46^^ or 
0^ t«pe asmi^IenseR turned W3tbtb»v eurved aides towasrdls 
eack oAer. To riew its^ pheisomena, twa pictnreab ace 
oliftBud bjrtbe camau obseojpa on ]^otogi»pkic paper 
rfaoy olSgiect in two positiena^ coKEeEqponding: witk the 
of yiewiBg it with tiie two eyes; S^ Ae 
forfte lenses these fissimilar pictiBsa 8i»:eoD£- 
^ witimt the eye^ and the Tdsion of aa aetmaHiji ae£d 
' id* prodtteed firom the pkitnres lepresented ok a 
j^^ne snrfEtce. Hence the name q£ iiie iimtiruBKarii; 
mgeitea^ SoiUklsee. 

~ m oftei> of great, value in indicating tfae 
.in which to seek for a t]r«th ; but. analogiad 
e^ imhMi where the lesembbnce i» very stiflaBg^ 
. be- received with caation. Mankind ace^u^iea^ 
l» iBBtp* tO' conelnfflons without tiie hibanr neccssarjr Sx 
afidthfiil elucidation of the truths that toOiOitcBS. few 
r oC resemUance are seized upim^ and aux mfiercnce 
wkaclk m calcidated to midead. 
risan idea that tiie phaiomena of sound bear a 
to those of light, — that tiiere exists a.ieMm^ 
liaiee between the cifipomatie and tiie diatonie seates. 
■noi^ we kDow> is conreyed by the beating of matraid 
fikliii — tike air' — ^upon the audit<»ry membrane of the 
mt, wkich ha¥e been set in motion by? some diBt2ait;di&- 
inbance of the medium through which £t passes. Ligl^ 
Im been supposed to act on the optic nerve in the same 
HBoieF. If we imagine colour to be the result of vibva- 
Umb of different velocities and lengths^ we ean under- 
And liiat under some of these tremors^ first, establishedl 
(A the nerves^, and through them convened to the brain^ 
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sensations of pain or pleasure may result, in the same 
way as sharp or subdued sounds are disagreeable or 
otherwise. Intensely coloured bodies do make an im- 
pression upon perfectly blind men; and those who, 
being bom bhnd, know no condition of light or colour, 
will point out a difference between strongly illuminated 
red and yellow media. When the eyes are closed we 
are sensible to luminous influence, and even to differ- 
ences of colour. We must consequently infer that light 
produces some peculiar action upon the system of nerves 
in general ; this may or may not be independent of the 
chemical agency of the solar radiations ; but certainly 
the excitement is not owing to any calorific influence. 
The system of nerves in the eye • is .more delicately 
organized, and of course peculiarly adapted to all the 
necessities of vision. 

Thus far some analogy does appear to exist betwe^i 
light and sound; but the phenomena of the one are so 
much more refined than those of the other — the 
impressions being all of them of a far more complicated 
character, that we must not be led too far by the analo- 
gical evidence in referring light, like soimd, to mere 
material motion. 

It was a beautiful idea that real impressions of ex- 
ternal objects are made upon the seat of vision, and that 
they are viewed, as in a picture, by something behind 
the screen, — ^that these pictures become dormant, but 
are capable of being revived by the operations of the 
mind in peculiar conditions ; but we can only regard it 
as a philosophical speculation of a poetic character, the 
truth or falsehood of which we are never likely to be 
enabled to establish.* 

* " I would here observe that a consideration of many such 
pbenopiena (the obliteration and revival of photographic di*awings) 
has led me to regard it as not impossible that the retina itself may 
be photographically impressed by strong light, and that some at 
least of the phenomena of visual spectra and secondary colours 
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That which sees will never itself be visible. The 
secret principle of sensation^ — the mystery of the life 
that is in us, — ^will never be unfolded to finite minds. 

Numerous experiments have been made firom time to 
time on the influence of light upon animal life. It has 
been proved that the excitement of the solar rays is too 
great for the healthM growth of yoimg animals ; but, 
at the same time, it appears probable that the develop- 
ment of the functional organs of animals requires, in 
some way, the influence of the solar rays. This might, 
indeed!, have been inferred from the discovery that 
animal life ceases in situations from which Ught is 
absolutely excluded. The instance of the Proteus of the 
Slyiian lakes may appear against this conclusion. This 
remarkable creature is found in the deep and dark 
recesses of the calcareous rocks of Adelsburg, at Sittich ; 
and it is stated, also in Sicily, and in the Mammoth caves 
of Kentucky. Sir Humph^ Davy describes the Proteus 
anguinus as ^^ an animal to whom the presence of light 
18 not essential, and who can live indiflerently in air and 
in water, on the surface of the rock, or in the depths of 
the mud.'^ The geological character of rocks, however, 
renders it extremely probable that these animals may 
have descended with the' water, percolating through 
fissures from very near the surface of the ground. All 
the tacts with which science has made us acquaiated — 
and both natmral and physical science has been labour- 
ing with most imtiring industry in the pursuit of truth 
— go to prove that light is absolutely neccessary to 
<nrganization. It is possible the influence of the solar 
radiations may extend beyond the powers of the human 
tenses to detect luminous or thermic action, and that 

may axise from the seusorial perception of actual changes in pro- 
gress in the physical state of that organ itself subsequent to the 
cessation of the direct stimulant." — On the action of the Rays qf 
the Solar Spectrum on Vegetable Colours, ^c, : by Sir J. F. W. 
Herschel, Bart. 
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MDBequesitly a developmeirt of animal sdA y^etnlde' 
fimns msy occur where Ae human ejre ean* cteieetf no 
ligfai;; and nnder such: conditions the PioteiuF ma j be 
^odnced inits cavemoofi abodes^ and also Ihese C F eatw c H 
lAidh live buried deep in inudl Seme ftdrdier emt- 
anlemlian of the probable agency of light wili occopj^in^. 
wien we come to examine Ihe* phenomena of ^ ~ 



Light is essentially necessuy to* TCgeili^te' lifef and 
to<]t seience refers the powers^ which tbe plant p o soeBBM 
9f separatii^ carbon from the mr breatibed^ M/f tke 
teaveS) and secreting it widtin its tissas^ fco* the pop- 
pMe^ of adding" to its- woody structure. As, h » i w P M| 
we*' have^ in ^ growing j^ant^ the action: of 
j^ysidd pow«*B esertied to different endb attiie i 
time> tile remarkable &cts wluch conneet 
wifiil* ¥^etable chemistry and pl^siiaiogy are diaftncdMr 
s separate ' examini^on. 

Iftepowesr of Hie s(dar rays* to produce in bovhea'liiiii 
peculuB* gleaming li^t which we caQ^ phoqahoraoonei^ 
and tiie curious conditions under which this pheneme* 
non is sometimes aj^aient^ independent of the snn^ 
direct influence^ present a Teary remarkable chapter iff 
the science of luminous powers. 

The phosphorescence of animals is amongst liieinGirt 
surpiising of nature's phenomoiay and it is not tiis 
less so &om our almostentire ignorance of the caose of 
it. Many very poetical fkncies ha^e been applied m 
description of tibese luminous creations ; and imagoa- 
lion has found reason why they should be gifted iriik 
these extraordinary powers. The glow- worm lights l0r 
lamp to lure her lover to her bower, and the lunnmnfr 
animalcules of the ocean are employed in lighting up- 
fte &tiiomles8 depths whare the sun's rays ennot 
penetrate, to aid its monsters in their search fbr prey. 
''The lamp of loTse — ^the pharos — the telegraph of the 
night, — ^which scintillates and marks^ in the. silence of 
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darkness^.the spotappointed for Uieloner's rendezvous/^* 
is hotra pretty fictLon; &r liie glow;- warm? shines- m^i^l^ 
in&at state, in^that^ftiie IsEnra, and when in^^itstaursliaii; 
condition. Of the dark: depthsr of the oeeaa it majp be^ 
sa&I^ affijdned that nO' oi^anized creation limess or 
moves initsgrave-lika silence^ to require thifrfair^ aid; 
Biction has feeqisentLj borrowed her creations', flponn 
scieiice. In these. eases science appears to have made 
free. wiilL the rights of fiction^ 

The^ow-woianB {lampyris noeiiluca), itis well knojwn^ 
haiQB. the power of emitting; fironL thmr bodies a beaatffiil 
pale. bluiBh-white light|» shining during the hours of 
niglifciTT the.hedge^inw^; like crystaL spheres. It appeans^ 
fieoni the observations of naturalists^, that these insecsts 
JMoamnc exhifaLt*' their light without some muotion eiL the^ 
Ibd^ oc iegsjr^&om this^ it would seem that;, tlie 
j^uHq^isseence was dependent upon nervous aetien^ 
Isolated at pleasure by the insect ; for they certainljr 
lia¥S.tlie power of obseuring' it entirely. If the: ^bw> 
lomiis crashed^ and- the hioids or &ce are rubbed*, wibh 
it; luminous streaks^ similar to those produced- 1^ 
phoBghorus^ i^peac. They shine with g^cesAli^ incieaaed 
fanHiiBiicy; in. oj^gen gas and in nitrous oxide. fVonir 
dieaefiu^ may we not infi^r that the process by whiefar 
tiBB.InminoBity is produced,. wliatever it may be^haa* a 
stvoDg, cesemblance to that of respiration ? 

ThffiQa are several varieties of flies, and thcee^speoiea.^ 
hutiem of the genus EUUePy which have the power of 
enitting luminous-irays. The great lantem--fly of South 
America is one o£ the most bnlliant, a ^i^e inseet 
gnnig. sufficient light to* enable a parson to read. In 
SnriiianL a very numerous daas of these jnseeta^ are 
famd^ which o£ten. illuminate the air in- a remarkable 
BBimer. In some of the bogs of Ireland a wormi existed 
lAich gives, out. a bright green light; and theoie ane- 

* Dumeril. 
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many other kinds of creatures which, under certain 
circumstances, become luminous in the dark. This is 
always dependent upon vitality ; for all these animals, 
when deprived of life, cease to shine. 

At the same time we have many very curious 
instances of phosphorescence in dead animal and 
vegetable matter ; the lobster among the Crustacea, and 
the whiting among fishes, are striking examples; 
decayed wood also emits much light under certain con- 
ditions of the atmosphere. . This development of light 
does not appear to be at all dependent upon putrefac- 
tion ; indeed, as this process progresses, the luminosity 
diminishes. We cannot but imagine that this light is 
owing, in the first place, to direct absorption by, and 
fixation within, the corpuscular structure of those bodies, 
and that it is developed by the decomposition of the 
particles under the influence of our oxygenous atmos- 
phere. 

The pale light emitted by phosphorus in the dark is 
well known ; and this is evidently only a species of slow 
combustion, a combination of the phosphorus with the 
oxygen of the air. Where there is no oxygen, phospho- 
rus will not shine ; its combustion in chlorine or iodine 
vapour is a phenomenon of a totally different character 
from that which we are now considering. This phos« 
phorescence of animal and vegetable matter has been 
regarded as something different from the slow combus- 
tion of phosphorus; but, upon examination, all the 
chemical conditions are found to be the same, and it is 
certainly due to a similar chemical change. 

The luminous matter of the dead whiting or the 
mackerel may be separated by a solution of common 
salt or of sulphate of magnesia ; by concentrating these 
solutions the light disappears ; but it is again emitted 
when the fluid is diluted. The entire subject is, how- 
ever, involved in the mystery of ignorance, although it 
is a matter quite within the scope of any industrious 
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obserrer. The self-emitted light of the carbuncle of the 
romancer is realized in these remarkable phenomena. 

The phosphorescence of some plants and flowers is 
not, perhaps^ of the same order as that which belongs to 
either of the conditions we have been considering. It 
appears to be due rather to an absorption of light and 
its subsequent liberation. If a nasturtium is plucked 
during sunshine^ and carried into a dark room^ the eye^ 
after it has reposed for a short time, will discover the 
flower by a light emitted from its leaves. 

The following remarkable example, and an explana- 
tion of it by the poet Goethe, is instructive : — 

''On the 19th of June, 1799, late in the evening, 
when the twilight was deepening into a clear night, as I 
was walking up and down the' garden with a Mend, we 
very . distinctly observed a fliame-like appearance near 
the oriental poppy, the flowers of which are remarkable 
for their powerful red colour. We approached the place, 
and looked attentively at the flowers, but could perceive 
nothing farther, till at last, by passing and repassing 
lepeat^y, while we looked side-ways on them, we suc- 
ceeded in renewing the appearance as often as we 
pleased. It proved to be a physiological phenomenon, 
. and the apparent corruscation was notlung but the 
spectrum of the flower in the complementary blue-green 
odour. The twilight accounts for the eye being in a 
perfect state of repose, and thus very susceptible, and 
the colour of the poppy is sufficiently powerful in the 
sonuner twilight of the longest days to act with full 
efect, and produce a complementary image/^* 

The leaves of the csnothera macrocarpa are said to. 
exhibit phosphoric light when the air is highly charged 
with electricity. The agarics of the olive-grounds of 
Montpeher have been observed to be luminous at night ; 
hat they are said to exhibit no light, even in darkness. 



L 



* Theory of Colours: by Goethe; translated by Eastlake. 
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tduring the day. The siibteFraneasi |iasBage6 of -fiie'ocall 
minfiB near Dresden «xe illnminated by tfie-pl iqqylio - 
xeseentli^tof^therAiaroinorjE^a phMphormm, a peoroliar 
inngiiB. On the leaves of the Pindeiba ^pdm^ a "OfieaBB 
<lf agttncgrowss 'Which is exceedingly luminous at m^-; 
and many varieties i6£ the ^Eohens^ creeping along ifhe 
Toois of caverns, lend to them an air of endhantment^ 
the salt and dear light which thejr diJBPiise. ^ tLfoA 
«a¥e near Penryn, alnminous moss k^abanAant; aal'k 
is also found in ilie mines of Mease. Aocoodii^ ^ 
Heinzmann, the rhizomorpha ^^ubierrcmea and oUUm 
are also phoqihorescent. 

It is but lately that a 'plant ifhich abonnfls in Ae 
jungles in the Madura district 'of the Sast Indies ^m 
sent to this country^ whidoi, altiiougli dead, nm 
renmrfcably phosphorescent ; and, when in the Ii«g 
state, the light which it emitted was extraofffinBi|f 
vvidd, illuminating the ground for some distnee. 
Those ffemarkable effects may be due, in some ^caae^ to 
the aeparation of phospbnretted hydrogen "from tdeenh 
posing matter, and, in others, to some peculiar eiedlBe 
manifestation. 

The phosphoresDence of the sea, or that condMaoB 
ealled \i^ fiBhermen^/'t//i^, <when the surface, beingi^rtaroek • 
' by an oar, or the paddte-wheels of a «teamer, gives o^ 
large quantities of hght, has been attributed to the fie- 
iseuce of myriads of minute insects which bave iiie pu w ff 
-of emitting light when irritated. The nigbt-shiiuBg 
nGreiB:(iVerew noctiiuca)ea£A» a light of great InillMaM) 
as do several kinds of the moUusca. The lo tuii i w 
attadk themselves to the «cales of fidies, ^snd 40 
frequently render them exceedingly luminous. Booe 
of the orustaoeie possess the fame" remarfcalfle. pj o pc i^'; 
-^tveihre different species 0f oimcar were teken, mf^ 
the Batnralists^if the adre in tte @utf <yf Ouinea.'^' 'Ae 
cancer fulgenSy discovered by Sir Joseph Banks, is 
* £fie TuckBf 'jiliUmntivaAf the £Kpsdilioa.af IheiSaire. 
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d to iUnminate its whale \^j, and emits <vi¥id 
) 4if light. Many of the modufise abo exhtlttt 
hi phoBphoBBaceBce.* These noctilucous .creatuxes 
oany of thoooL^ exceedinglv minute^ several thoo- 
being found in a tea-cup &£ sea water. Th^ifloat 
Oie suE&ce in .countless jnjrriads^ .and wh^^dis- 
Itliey-give out brilliant acintillationfi, oft^a leamig 
m of light behind them.t By miscroscopic es- 
Jaum no other &ct hasibeen elicited than thattibsae 
leJieings contain a fluid which^ wh^i .squeezed out^ 
a line of light upon the surface .of water. The 
sanoe of these creatures is almost invariably omthe 
«ome change of weather^ which would Jead .us 4o 
le ihat their luminous phenomena must be con- 
l mth .electrical excitation; and of this^ <tlie 
igations of Mr. .C. Peach^.of Fowey^ cammunicated 
Scitiah Association at Birmingham^ furnish the 
ia&fiu^tory proo& we have as yet obtained, 
iveuuto Cdtini give a curious account of a car- 
i which shone with great brilliancy in the darii^ 
une thing: has been stated of the diamond ; but it 
rs to be necessary to procure these emissions of 

le.iaost complete examination of this subject will he JSaund 
Memoirs : — 

*iqMrments and observaiiotts on the light which isspfrnttauotulif 
limitiitome degree of jkermanenoy from various bodies^^^hii. 
, ¥ol. :kc. 

['jcomtitmation of ihe above, with sotae experimeatstandxabser- 
i ^im Molar litfhtf when imbibed by Cjntons phosphorus: hj 
aielHuhn, M.D, — •Phil. Trans., ^toI.xcL ; and inthe iMomo- 
gf Mte ^Kttish Naked-aged Medusm, hy Professor £dward 
({(published for the Bay ^ooiQt^.). ^9B Wilson's .noteoto^the 
it .oS Jknnalata phospborea in Johnston'fi . Zoophylee, :2nd 
u 

Chmntd Outline qfthe JninuU Kingdom.: hf Thomas i^pmer 
jf«US.— Acalfiphffi^p.ai. JLeti^Ji ^i . Uumas jutr bi Mas- 
jemcedes yersMiisants: jpar Jd.iuh. Jl^euoci. — Annates de 
^ jvqL JK. p. .74, iB4d. 

'jmmrs of BaamntUo CfUini — Bobn's Standard Libroffg, S»e 
BTseaJdaBJonhis Art esa8oiilptorand.£ng£a¥er. .FJOTrmaft, 
4to. 
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light, that the minerals should be first warmed near a 
a fire. From this it may be infered that the Imninous 
appearance is of a similar character to that of fluor 
spar, and of numerous other earthy minerals, which, 
when exposed to heat, phosphoresce with great brilliancy. 
Phosphorescent glow can also be excited in similar 
bodies by electricity, as was first pointed out by Father 
Beccaria, and confirmed by Mr. Pearsall.* These 
eflfects, it must be remembered, are distinct from the 
electric spark manifested upon breaking white sugar in 
the dark, or scratching sulphuret of zinc. 

In the instances adduced there is not necessarily any 
exposure to the simshine required. It is probable that 
two, if not three, distinct phenomena are concerned in 
the cases above quoted, and that all of them are distinct 
from animal phosphorescence, or the luminous appear- 
ance of vegetables. They, however, certainly prove, 
either that fight is capable of becoming latent, or that it 
is only a condition of matter, in which it may be made 
manifest by any disturbance of the molecular forces. 

* Phosphorescence of the Diamond: by M. Reiss (Revue Scien- 
tifique et Industrielle, vol. xxiii. p. 185). — " The diamond, phos- 
phorescent by insulation, lost rapidly its phosphorescence when 
submitted to the action of the red rays of the solar spectrum. 
On the contraiy, the blue rays are those which render the diamond 
the most luminous in the dark. It is probable that the phospho- 
rescence produced by heat is equally diminished by the action of 
the red rays of the solar spectrum." Giovanni Battista Beccaria 
published his experiments in 1769. See Priestley's History qf 
Electricity ; and On the Effects of Electricity upon Minerals which 
are Phosphorescent by Heat ; and Further Experiments on the com- 
munieation of Phosphorescence and Colour to bodies of Electricity ; 
by Thomas J. Pearsall. — Joiu'nal of the Royal Institution of 
Great Britain, Oct. 1830, Feb. 1831.— These two memoirs contain 
the most complete set of experiments on this subject which have 
yet been made ; see Placidus Heinrich, Phosphorescenz der Korper,. 
vol. iv. ; Gmelin*8 Handbuch der Chemie^ part 1. ; — On the Phos- 
phorescence of Minerals y Brewster : Edinburgh Philosophical' 
Journal, vol. i. p. 137. ;—The Aerial Noctiluca, or some New 
Phenomena, and a process of a factitious self shining substance r 
Boyle's Works, vol. iv. 
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^^ httfe, in Answer to tlus^ very distinct evidence tliat 
w^e bodies do derive tltis pnq[»erty £rom the solar rays. 
Caobm^s phosphoniB^ whidi is a sulphnret of calcimn^ 
irilly having be^ exposed to the sun^ oontinse luminous 
fa* some time after it is oarried into the dark ; as will 
tbothe Bolc^nian stone^ — >a sulphuret of barium. This 
i^esult apipears tobe d«te to a particular class of the solar 
ittys ; for it has been foimd^ if liiese suljriburets^ spread 
fimoothty on paper^ are exposed to the influence of the 
Solar spectrum for some little time^ and tiien examnned 
in the dark^ that luminous spaces appear^ exactly cor- 
lesponding with Ihe most re&angible rays^ or those 
Whseh excite chemical chaise ; and one very remarkaUe 
&ct must not be forgotten — -the dark rays of the spec- 
tram beyond the violet produce a lively phosphorescence^ 
whidi is extinguished by the action of the Tays of least 
lefiramgibility, or Ihe heat rays — whilst artificial heat, 
sndi as a warm iron, produces a very considerable 
elevation of the phosphorescent eSect.* It is not impro- 
bable, that the fluorescent rays of Mr. Stokes may be 
materially concerned in producing the phenomena of 
phosphorescence : experiments are, however, required to 
prove 'Ais. 

In these allied phenomena we have effects which are 
evidenHy dependent upon several dissimilar causes. 
The phoi^orescence of the living animal is due, with- 
out doubt, to nervous excitation : that of the living 
^vegetable to solar luminous influence ; and in the case 
of the mosses of caverns, &c. to the dfiemical agency of 
the sun's rays, which appears to be capaUe of con- 
duction. In the dead organic matter we have a purely 
fiiipmiritl action devebpmg t^e light, and in the inor- 

4: Deg ^ets prodiats sur Us corps par Us Rayons Solaires: 
par Id. Edmoud^ecquereL— Annales de Chimie, vol. ix. p. 257. 
1843. 

M. Becquerel has applied the term phosphorogSnique to those- 
Ymys prodndng phospborescenoe. 
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ganic bodies we have peculiar molecular constitution^ by 
which an absorption of light appears to take place. 

The subject is one of the greatest difficulty; the 
torch of science is too dim to enable us to see the causes 
at work in producing these marvellous eflfects. The 
investigation leads^ to a certain extent, to the elucida- 
tion of many of the secrets of luminous action ; and the 
determination of the question, whether light is an 
emanation from the sun, or oiily a subtile principle 
diffiiised through all matter, which is excited by solar 
influence, is intimately connected with the inquiry. 

It has been stated that matter is necessary to the 
development of light ; that no luminous eflfect would be 
produced if it were not for the presence of matter. Of 
this we not only have no proof, but such evidence as we 
have is against the position. There is no loss of light in 
the most perfect vacuum we can produce by any artificial 
means, which should be the case if matter was concerned 
in the phenomena of light, as a cause. 

Colour is certainly a property regulated by material 
bodies ; or rather, the presence of matter is necessary to 
the production of colour. Chlorine gas is a pale yellow, 
and nitrous vapour a yellowish red. These and one or 
two other vapours, which are near the point of con- • 
densation into fluids, are the only coloured gaseous or 
vaporiform bodies. The sky is blue, because the 
material particles of the atmosphere reflect back the 
blue rays. But we have more practical illustrations 
than this. The flame of hydrogen burning with oxygen 
gives scarcely any light ; allow it to impinge on lime;, a 
portion of which is carried oflf by the heat of the flaxne^ 
and the most intense artificial light with which we are * 
acquainted is produced. Hydrogen gas alone gives a 
flame in which nearly all but the blue rays are wanting : 
place a brush of steel or asbestos in it, and many of the 
other rays ai*e at once produced. An argand lamp, and 
more particularly the lamp in which camphine— a 
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ified turpentine, — is burnt, gives a flame which emits 
3t of the rays found in sunlight. Spirit of wine 
:ed with water, warmed and ignited, gives only yellow 
s ; add nitrate of strontian and they become red ; but 
rate of barytes being mixed with the fluid, they are 
nged to green and yellow ; salts of copper afford fine 
e rays, and common salt intense yellow ones. Many 
these coloured rays and others can be produced in 
ait power by the use of various solid bodies introduced 
o flame. This has not been sufficiently pointed out 
authors; but it is clear from experiments that light' 
aires the pi'esence of matter to enable it to diffuse its 
Dored glories. How is it that the oxygen and 
Irogen flame gives so little light, and with a solid 
ly present, pours forth such a flood of brilliancy? 
Hic production of artificial light by electrical and 
mical agencies will necessarily find some consideration 
ler their respective heads. There are numerous 
aiomena which connect themselves Avith luminous 
rcr, or appear to do so, which, in the present state of 
' Imowledge, cannot come immediately under our 
sntion. We are compelled to reserve oiu: limited 
cefor those branches of science which we are enabled 
xmnect with the great natural operations constantly 
Dg on around us. Many of these more abstruse 
alts will, however, receive some incidental notice 
en we come to examine the operation of the combined 
fmcal forces on matter. 

We see in light a principle which, if it has not its 
me in the sun, is certauily dependent upon that 
nmary for its manifestations and powers. From that 
oantain of light ^^ we find this principle travelling to 
at a speed which almost approaches the quickness of 
)qgfat itself; yet by the refinements of science we 
re been enabled to measure its velocity with the 
Host accuracy. The immortal poet of om* own land 
d language, in his creations of Ariel, that "tricksy 
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spirit/' who could creep like music upon the watert, and! 
of the feuatastic Puck, who could girdle the earth in 
thirty minutes, appears to have approached to tiie 
highest point to which mere ima^ation could cany the 
human mind as to the powers of things eihereiil. 
Science has, since then, shown to man that this '' spirit, 
fine spirit,'^ was a laggard in his tasks, and a gross piece 
of matter, when compared with the subtile essences 
whidi man, Eke a nobkr Prospcro, has now subdued to 
do him service. 

Light is necessary to lifej the world was a dead 
chaos before its creation, and mute disorder would agam 
be the consequence of its annihilation. Every dianii 
which spreads itself over this rolling globe is directiy 
dependent upon luminous power. Colours, and pnK 
bably, forms, are the result of light ; certainly the con- 
sequence of solar radiations. We know much of the 
mysterious influences of this great agent, but we know 
nothing of the principle itself. The solar beam has 
been tortured through prismatic glasses and natural 
crystals ; every chemical agent has been tried upon it, 
every electrical force in the most excited state brought 
to bearupon its operations, with a view to the discovery 
of the most refined of earthly agencies ; but it has passed 
through every trial without revealing its secrets, and 
even the effects which it produces in its path are unex- 
plained problems, still to tax the intellect of man. 

Every animal and every plant alike proclaim that life 
and health are due to light ; and even the crystallizing 
forms of inorganic matter, by bending towards it, con- 
fess its aU-prevailing sway. From the sun to each 
planet revolving around that orb, and to the remotest 
stars which gleam through the vast immensity of heaven, 
we discover this power still in its brightness, giving 
beauty and order to these unnumbered creations, no 
less completely than to this small island of the universe 
which we call our Earth. Through every form of matter 
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n mark its power, and from all, we can, under cer- 
»nditions, -evoke it in lustre and activity. Over all 
Sirough all light spreads its ethereal force, and mani- 
in all its operations, powers which might well exalt 
kind of Plato to the idea of an omniscient and omni- 
nt Grod. Science, with her Ithuriel wand, has, how- 
shown that Ught is itself the effect of a yet more 
ed cause, which we cannot reach, 
deed, the attentive study of the fine abstractions of 
oe lifts the mind from the grossness of matter, step 
&P, to the refinements of immateriality, and there 
or, shadowed out beyond the physical forces which 
can test and try, other powers still ascending, until 
reach the Source of every good and every perfect 
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CHAPTEU YIII. 

ACTINISM — CUEMICAL KADIATIONS. 

The Sun-ray and its Powers—Darkening of Horn Silver — 
Niepee's Discovery — Prismatic Spectrum— Eefrangibility of 
Light, Heat, and Actinism — Daguene's Discovery — Photo- 
graphy — Cliejnical Effects produced by Solar Radiations- 
Absorption of Actinism — Phenomena of the Daguen-eotypc 
— Chemical Change produced upon all Bodies— Power of 
Matter to restore its Condition — Light protects from Che- 
mical Change — Photographs taken in Darkness — Chemical 
Effects of Light on organized Forms — Chemical Effects of 
Solar Heat— Influence of Actinism on Electiicity — Badia- 
tions in Darkness— Moser's Discoveries, &c. 

Heat and light are derived from the sun, and we hare 
attempted to show, not only that the phenomena of 
these two principles are different, but that they can 
scarcely, in the present condition of our knowledge, be 
regarded as modified manifestations of one superior 
power. Associated with these two remarkable elements^ 
others may exist in the solar rays. Electrical pheno- 
mena are certainly developed by both heat and light, 
and peculiar electric changes are produced by exposure- 
to sunshine. Electricity may be merely excited by the 
solar rays, or it may flow like light from the sun. 
Chemical action may be only due to the distm'bance of 
some diffused principle ; or it may be directly owing to* 
some agency which is radiated at once from the sun. 

A sun ray is a magical thing : we connect it in our 
fiuicy with the most ethereal of possible creations. Yet 
in its action on matter it produces colour ; it separates 
the particles of solid masses farther from each others 
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and it breaks up some of the strongest forces of chemi- 
cal affinity. To modem science is entirely due the 
knowledge we have gained of the marvellous powers of 
the sunbeam ; and it has rendered us familiar with 
phenomena, to which the incantation scenes of the 
Cornelius Agrippas of the dark ages were but ill-con- 
trived delusions, and their magic mirrors poor instru- 
ments. The silver tablets of the photographic artist 
receiving fixed impressions of the objects represented in 
the dark chamber by a lens, are far superior as ex- 
amples of natural magic. 

In the dark ages, or rather as the earliest gleams of 
the bright morning of inductive research were dis- 
pelling- the mists of that phantom-peopled period, it Was 
observed, for the first time, that the sun^s rays turned a 
white compound black. Man must have witnessed, long 
before, that change which is constantly taking place in 
all vegetable colours : some darkening by exposure to 
sunlight, while others were bleached by its influence. 
Yet those phenomena excited no attention, and the 
world knew nothing of the mighty changes which were 
ooniBtantly taking place around them. The alchemists 
— sublime pictures of credulous humanity-r-toiling in 
the smoke of their secret laboratories, waiting and 
watching for every change which could be produced by 
fire, or by their " royal waters,^^ caught the first faint 
lay of an opening truth ; and their wild fancy, that 
H^t could change silver into gold, if they but succeeded 
in getting its subtile beams to interpenetrate the metal, 
was the clue aflfbrded to the empirical philosopher to 
guide him through a more than Cretan labyrinth.* 

* See Researches on Light j by the Author. — ^RefereDce to any of 
the works of the alchemists will prove the prevalence of the idea 
expressed in the text. We find that gold was considered to be 
ilways under the influence of light and solar heat.—" It is said of 
pdd that it waxeth cold towards daylight, insomuch that they who 
weir rings of it may perceive when the day is ready to dawn." — 
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The first fact recorded upon this point was^ that bom 
silver blackened when exposed to the light. Withoujt 
doubt many anxious thoughts were given by these 
aldiemists to that fact. Here was^ as it appeared, a 
mixing up of light and matter^ and behold tiie 
striking chaaige ! It was a step towards the realization 
of their dreams. Alas ! poor visionaries ! in pursuing 
an ideality they lost the reality which was within tb^ 
gra^ 

Truths come slowly upon man, and long, it is before 
these angel visits are acknowledged by humanity. The 
world dings to its errors^ and avoids the truth, lest its 
light should betray their miserable follies. 

At length a man of genius announced that ^^ No su^ 
stance can be Exposed to the sun's rays mthout wider'^ 
going a ckemieal change/^ but his wor^ fell idly upontiie 
ear. His Mends looked upon his light-produced pictures- 
as singular ; they preserved them in tiieir cabinet^ ot 
curiosities; but the truths which he enunciated w«fe 
soon forgotten. Howbeit his words were recorded, and' 
it is due to the solitary e^qperimentalist of Chalons on 
the Saone, to couple the name of Niepce with the dis- 
covery of a fact which is scarcely second to the develop- 
ment of the great law of universal gravitation.* But 
an examination awaits us, which, &r its novelty, baa 
more charms than most branches of science, and whidi, 
for the extensive views it opens to the inquirer, has aa 
interest in nowise inferior to any other physical investi- 
gation. 

The prismatic spectrum affords us the means of ex«- 
amining the conditions of- the solar rays with great 

Speculum Mundi, or a Glass representing the face of the World. 
Cambridge, 164;J. 

* Daguerre's Keport to the Academy of Sciences : La Daguer- 
riotype Historique, et description des proe^dis du Daguerriatype et 
du Diorama (Paris, 1839) ; particularly the description of Helio^ 
graphy, by M. Niepce. See also the lettera by Niepce, published 
for the first time in Researches on Light. 
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facility. In beiiding the ray of white light out of its 
path, by means of a triangnlar piece of glass, we divide 
it in a remarkable manner. We learn that heat is lesa 
refracted by the glass than the other powars; we find 
ibe niariiTiiini point of the calorific rays but: sUgbtly 
thrown (mt of therightline, which the solar pencil would 
have taken, had it not been interrupted by the priisim; 
and the thmnic action is foimd to diminish with much 
regularity on either side of this line. We discover that 
die luminous power is subject to greater refraction, and 
that its maximum lies considerably above that of heat; 
and that, in like manner, on each side the light 
diminialies, producing orange, red, and crimson colours 
bdoNP the maximum point, and green, blue, and violet 
^sbcfwe it. Again, we find that the radiations which 
prodnee dbemical chan^ are more refrangible than 
other of the others, and the maximum of tins power is 
finmd at the point where light rapidly diminishes^ and 
where scarcely any heat can be detected : it exteiEids in 
faU activity, above its maximum, to a considerable dis- 
tuoe, where no traceof light imder ordinary conditiona 
eiiata, aaod below that point, until light, appearing to 
act aa an interfering agent, quenches its peculiar pro* 
perties. These .are strong evidences that li^ht and 
a rtWMi ao this principle has been named^ — are not 
idiariaeat : and we may separate them most easily and 
«fectaally from eadi other. Certain ghtsses^ stained 
dnk blue, with oxide of cobalt, admit scarcely any 
light; but they offar no interruption to the passage of 
adaniam of the diemical rays ; on the contrary, a pure 
jdlow glass, or a yellow fluid, whieh does not sensibly 
ladnoe the intensity of any one colour of the chromatic 
faand of luminous rays, completely cuts off this chemical 
prindiple, whatever it may be. In addition to these, 
there are other results which we shall have to describe, 
which prove that, although associated in the solar beam, 
fight and actinism are in constant antagonism. 
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When Daguerre first published his great discovery^ 
the European public regarded his metal tablets with 
feelings of wonder : Ave have grown accustomed to the 
beautSPiil phenomena of this art, and we have become 
acquainted with a number of no less beautiful processes 
on paper, all of which, if studied aright, must convince 
the most superficial thinker, that a world of wonder lies 
a little beyond oiu* knowledge, but within the reach of 
industrious and patient research. Photography is the 
name by which the art of sun-painting will be for ever 
known. We regard this as unfortunate, conveying as it 
does a false idea, — the pictures not being light-drawn. 
Could we adopt the name given by Niepce to the pro- 
cess, the difficulty would be avoided, since Heliography 
involves no hypothesis, and strictly tells the undeniable 
truth, that our picttires are sun-drawn. That pictures 
can be produced by the rays from artificial sources, 
presents no objection to this; these rays were still 
originally derived from the sxm. 

By whatever name we determine to convey our 
ideas of these phenomena, it is certain that they involve 
a series of efiects which are of the highest interest to 
every lover of nature, and of the utmost importance to 
the artist and the amateur. By easy manipulation we 
are now enabled to give pennanence to the charming 
pictures which are produced by means of that pleasing 
invention of Baptista Porta, the Camera Obscura. Any 
image, which being refracted by the lens of this instru- 
ment falls upon the table in its dark chamber, may be . 
secured with its most delicate gradations of shadows, 
upon either a metallic or a paper tablet. 

But let us proceed to the examination of a few of the 
more striking phenomena of these chemical changes. 
To commence with some of the more simple but no less 
important results. 

Chlorine and hydrogen will not unite in darkness, 
nor will chlorine and carbonic oxide ; but, if either of 
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those gaseous mixtures is exposed to sunshine^ they 
combine rapidly, and often with explosion. A solution 
of the sulphate of iron in ordinary water may be pre- 
served for a long time in the dark without undergoing 
any change ; expose it to the sunshine, and a precipita- 
tion of oxide of iron is very rapidly produced. The 
mineral chameleon, the manganesiate of potash in solu- 
tion, is almost instantly decomposed in daylight ; but it 
is a long time before it undergoes any change in dark- 
ness. The same thing occurs with a combination of 
platinum and lime : indeed, it appears that precipi- 
tation is at all times, and under all circumstances, 
accelerated by the solar rays. As these precipitations 
are in exact agreement with the quantity of actinic 
radiation to which the solutions have been exposed, we 
may actually weigh off the relative quantities, represent- 
ing in grains the equivalent numbers to the amount of 
actinism which has influenced the chemical compound.*^ 

* " If a sohition of peroxalate of iron be kept in a dark place, 
or if it be exposed to 212 of Fahr. for several hours, it does not 
undergo any sensible change in its physical properties, nor does it 
exhibit any phenomenon which may be considered as the result of 
any elementary action. 

" If, however, it be exposed to the influence of solar light in 
« ^ass vessel provided with a tube, the concentrated solution of 
oxalate of iron soon presents a very interesting phenomenon : in 
a short time the solution receiving the solar rays, developes anr 
infinite number of bubbles of gas, which rise in the liquor with 
inereasing rapidity, and give the solution the appearance of tt 
«ynip undergoing sti-ong fermentation. This ebullition always 
Womes stronger, and almost tumultuous, when an unpolished 
glass tube is immersed in it with a small piece of wood; th& 
liqiiid itself is afterwards thrown into ascending and descending 
ourrents, becomes gradually yellowish, turbid, and eventually 
precipitates protoxalate of iron, in the form of small brilliant 
crystals of a lemon-yellow colour, gas continuing to evolve.** 
Chemical action of lights and formation of Humboldtine by it; 
Phil. Mag., 1832, second series. — "When a solution of plati- 
lum in nitro-muriatic acid, in which the excess of acid has been 
iteutralized by the addition of lime, and which has been well cleared" 
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We have evidence which appears to prove that this 
HdiemieaL agent may be absorbed by simple bodies, and 
that by this absorption an actual change of condition is 
produeed, in many respects analogons^to those allotropic 
changes which we have previously considered* Chlcxrine^ 
in its ordinary state, does not combine with hydrogen in 
the darkw K we employ the yellow medium of chlorme 
gaa, for the purpose of analyzing the sun^s rays pre- 
viofody to their falling upon some chemical compound 
which is sensitive to actinic power, we shall find that 
the ddorine obstructs all this actinism, and, however 
unstable the compound, it remains unchanged. But the 
ehlonne gas which has interrupted this wonder&l agent, 
appears to have absorbed it,, and it is so far altered in its 
constitution that it will unite with hydrogen in the 
dark.* In like manner, if, of two portions of the same 
solution of sulphate of iron, one is kept in the dark and 
the other exposed to the sunshine, it will be found tiiat 
the solution which has been exposed will precipitate 
gold and silver from their combinations much more 

by filtration, is mixed witli lime-water in the dark, no precipita- 
tion to any considerable extent takes place for a long while,— 
indeed, none whatever, though after very long standing a slight 
flocky sediment is formed, ai'ter which the action is ai'rested 
entirely. But if the mixture, either freshly made or when cleared 
by subsidence of this sediment, is exposed to sunshine, it in- 
stantly becomes milky, and a copious formation of a white preci- 
pitate (or a pale yellow one, if the platinic solution be in excess) 
takes place, which subsides quickly and is easily collected. The 
same takes place more slowly in cloudy daylight." — On the action 
<^ light in determining the precipitation of Muriate ofPlatuinm by 
Lime water ; being an extract from a letter from Sir John F. W. 
Herscbel, K.H., F.R.S., &c., to Dr. Daubeny.— Phil. Mag. 1832. 

* On a change produced by Exposure to the Beams oj the 5i«, 
in the properties of an elementary substance, by Professor Draper; 
On the changes which bodies undergo in the dark, by Robert Hunt : 
Report of the Thirteenth Meeting of the British As&ociation, vol. 
xii, — Description of the Tithonometer, an instrument for measuring 
the chemical force of the Indigo-tithonic rays: by J. W. Draper, 
M.D.— -Philosophical Magazine, Dec. 1843, vol. xxiii. 
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speedily than that "whidi has been preserved in darkness 
— ^the temperature and every other condition being the 
same. 

The phenomena of the Daguerreotype involve many 
strange conditions. A plate of silver^ on which a slight 
chenucal action has been established liy the useof iodme, 
is exposed to Ihe lenticular image in the camera 
obseara. If allowed to remain under the inflaaiee ot 
these radiations fen* a snfficient length of time^ a faithfdl 
pidnne of the illuminated objects is delineated on the- 
plate, asriiownby the visiUe decomposition and darken- 
ing of the iodized surface. The plate is not, however,. 
in practice allowed to assume this condition ; after an 
exp o sur e of a few seconds the radiant influence is cut 
off, and the qre cannot detect any evidence of change 
imm the yellow plate. It is now exposed to the vapour 
of mercury, and that metal in a state of exceedingly flno 
drnsion is condensed upon the plate ; but the conden- 
sation is not uniformly spread upon its fece. The 
deporit of mercurial vapour is in exact proportion to the 
amount of chemical action produced. Is the change, 
by "whidi tins peculiar power of condensation is effected^ 
a chemical, calorific, electrical, or merely a molecular 
(me? The evidences, at present, are not sufficient ta 
determine the question. It has lately been suggested, 
that the mercury acts chemically only, and effects the 
full decomposition of the iodide of silver; and that the 
picture is due to this, and not to the deposition actually 
of the mercury vapour. In all probabiUty we have the 
involyed action of several forces. We have some ex- 
periments which show, clearly enough, that mercury is 
deposited in proportions which correspond with the 
intensity of solar action. A chemically prepared surface 
is not necessary to exhibit this result. A poHshed 
{date of metal, of glass, of marble, or a piece of painted 
wood, being partially exposed, will, when breathed upon,. 
or presented to the action of mercurial vapour, show 
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that a disturbance has been produced upon the portions 
which were illuminated, whereas no change can be 
detected upon the parts which were kept in the dark. 
It was thought, until lately, that a few chemical com- 
pounds, such as the iodide of silver, the material em- 
ployed in the Daguerreotype and Calotype, — chloride of 
silver, the ordinary photographic agent, — a few salts of 
gold, and one or two of lead and iron, were the only 
materials upon which these very remarkable changes 
were produced. We now know that it is impossible to 
lexpos^ any body, simple or compound, to the sun's rays, 
without its being influenced by this chemical and mole- 
cular disturbing power. To take our examples fifom 
inorganic nature, the granite rock which presents its 
uplifted head in firmness to the driving storm, the stones 
which genius has framed into forms of architectural 
beauty, or the metal which is intended to commemorate 
the great acts of man, and which in the human form 
proclaims the hero's deeds and the artist's talent, are 
all alike destructively acted upon during the hours of 
sunshine, and, but for provisions of nature no less 
wonderful, would soon perish imder the delicate touch 
of the most subtile of the agencies of the universe. 

Niepce was the first to show that all bodies which 
underwent this change during daylight possessed the 
power of restoring themselves to their original con- 
ditions during the hours of night, when this excitement 
was no longer inflnencing them. Resins, the Daguer- 
reotype plate, the unprepared metal tablet, and numerous 
photographic preparations, prove this in a remarkable 
manner.* 

* For several illustrations of this remarkable phenomenon, see 
On the Action of the Rays of the Solar Spectrum on Vegetable 
Colours, and tm some new Photographic Processes ; by Sir John F. 
W. Hei-schel, Bart., K.H., F.R.S.— Phil. Trans. June, 1842, vol. 
cxsxiii. ; On certain improvements on Photographic Processe* 
described in a former communication^ and on the Parathermic Rays 
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The picture which we receive to-day, unless we adopt 
some method of securmg its permanency, £Ekdes away 
before the morrow, and we try to restore it in vain. 
With some of our chemical preparations this is very 
remarkably shown, but by none in so striking a manner 
as by paper prepared with the iodide of platinum, which, 
being impr^sed with an image by heliographic power, 
which is represented by dark brown tints, restores itself 
in the dark, in a few minutes, to its former state of a 
yellow cok>uf , and recovers its sensibility to sunshine.* 
The inference we alone can draw from all the evidences 
which the study of actino*chemistry affords, is, that the 
hours of darkness are as necessary to the inorganic 
creation as we know night and sleep to be to the organic 
kingdom. But we must not forget that there does exist 
in the solar- rays a balance of forces which materially 
modifies the amoimt of distm*bing influence exerted by 
them on matter. Not only do we find that the chemical 
action is not extended over the whole length of the 
{Hismatic spectrum, but we discover that over spaces, 
which correspond with the maximum points of light and 
heat, a protective action is exerted. That is, that 
highly sensitive photographic agents, which blacken 
rapidly under exposure to diffused dayUght, are entirely 
protected from change in full sunshine, if at the same 
time as a strong light is thrown upon them by reflection, 
the yellow and extra red rays are brought to bear upon 
their surface. Not only so, but by employing media 
which will cut off all the chemical rays of the spectrum, 
admitting freely at the same time the luminous and 
calorific rays, we find that a protected band, the length 



<ftke Solar Spectrum ; by Sir John F. W. Herecbel, Bai-t., K.H., 
F.R.S^ &c., in a letter addressed to S. Hunter Christie.— Phil. 
Trans. 1843, vol cxxxiv* 

* 8ir J. F. W. Herschel ; S3e also Researches on Lighi^ by the 
Autlior. 
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of Use spectrum^ remains white^ whilst ereiy other 
portion has blackened.* 

Among the many curious instances of natural mmpc, 
none are more remarkable than an experiment not long 
since proposed, by which Daguerreotype pietures ^nay 
be taken in absolute darkness to the human eye. 'This^ 
is effected in the following maimer : — ^A large prisBMEtac 
spectnzm is tihrown upon a lens fitted into one side of a 
dajrk duunber; and as we know that the actinic power 
resides in great activity beyond the idolst ray, where- 
theie is no light, the only rays whidb we allow to pass- 
the lens into the chamber are those which are eKtra- 
^qpeetral and non-luminous. These are directed npon 
any white object, and from that object radiated upon a 
highly sensitive plate in a camera obseufa. lliiiBa 
copy of the subject will be obtained by the sgeaaj of 
ladiations ^liiich produce no sensible effect upon Hie 
<^c nerve. This experiment is the converse of those 
which show us that we |may illuminate any object witli 
the strongest sun-light which has passed thioagh 
yellow glass, the yellow solution of sulj^uret of calciom^ 
or of the bichromate of potash — ^these being non- 
transparent to the chemical rays — and yet &il ta 
secure any Daguerreotype copy of it, even opon 
the most exquisitely sensitive plate. Indeed, the 
image of the sun itself, when setting through an, 
atmosphere which reduces its light to a red or rich 
yeUow colour, not only produces no chemical change, 
but protects an iodized plate from it ; and whilst every 
other part of the tablet gives a picture of surrounding 
objects in the ordinary character, the bright sun itself 
is represented by a spot upon which no change has 

* Attention lias been directed to the protecting action of certain 
rays of the spectrum by Sir John Herschel and others. See the 
Eighteenth Jleport of the British Association for an experiment 
by the Author, in which it was proved that all the light rays pro- 
tected photographic papers from chemical change, and, thererore, 
convincingly show that light and actinism were not similar powen?. 



POWER, ANTAGONIST FORCES. 177 

tiken place.* In tropical dimes^ where a brilliant son 
i» giving the utmost d^ree of illmnination to all sur- 
immding ohjects, all j^otographic preparations are 
acted npon relatively more slowly than in the climate of 
Bnglaiid, where the light is less intense. As a remark- 
able instance of this fact^ a circumstance may be 
mentioaaed, which is curiously illustrative of the power 
of li^tt to interfere witii actinism : — 

A genOeman, well acquainted with the Daguerreo- 
type proceBS) obtained in the city of Mexico all the 
necessary apparatus and chemicals, expecting, under the 
bright li^t and cloudless skies of that climate, to pro- 
duce pictures of superior excellenoe. Failure upon 
fidhne mm the result; and although every care was 
uaedi and every precaution adopted, it was not imtil the 
ndiqr season set in that he could secure a good Daguer- 
le^^pe of any of the buildings of that southern city. 

Iiie first attempts^ which were made at the instigation 
of M-. Arago, by order of the French Government, to 
copy the Egyptian tombs and temples, and the remains 
of the Aitecs in Central America, were failures. 
Although the photc^raphers employed succeeded to 

•• •* HkTing' noticed, one densely foggy day, that the disc of the 
f^im was of a deep red odour, I directed my appai*atus towards it. 
After ten seconds of exposure, I put the prepared plate in the 
metcury box, and I obtained a round image perfectly hlack ; — the 
i^un hsd prodnced no photogenic effect. In another experiment, 
1 left the plate operating for twenty minutes ; the sun had passed 
OTer a eertain snace of the plate, and there resulted an image seven 
or ei|^t tiznes the sun's diameter in length; it was black through- 
out. 80 that it was evident, wherever the red disc of the sun had 
puaed, not only was there a want of photogenic action, but the 
red rays bad destroyed the effect produced previous to the sun's 
panage. I repeated these experiments during several days 
neeessTrelT, operating with a sun of different tints of red and 
jeOow. Tiwee different tints produced nearly the same effect; 
wbcferer the sun had passed, there existed a black band/* — Mr. 
Clandet, On difererU properties of Solar Radiation, modified by 
cdomrtd ghus media, 4-c. : Phil. Trans. 1847. Part 2. 

N 
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admiration in Paris, in producing pictures in a few 
minutes, they foimd often that an exposure of an hour 
Tvas insufficient under the bright and glowing illumina- 
tion of a southern sky. 

Experiinents with the spectrum have been made in 
different latitudes, and it is found, that, as we proceed 
towards the equator, a band which is always left 
unchanged, corresponding exactly with the rays of 
greatest illuminating power, regularly enlarges in- size, 
thus proving the increase of light over actinissm — ^and 
the interfering power of the former. 

By increasing the sensilrility of the photographic pre- 
paration, this difficulty is overcome, and particularly 
when any organic compound enters into the preparation. 
So that we are now enabled to copy nature in all her 
varying moods, whether we employ our photc^raphic 
tablets in temperate Europe, or in tropical Africa. 

The degree of sensibility which has been attained is 
remarkable. Mr. Fox Talbot, by uniting a process 
devised by Dr. Woods, of Parsonstown, and another 
which was first introduced by the author of this volume, 
and combining them with an ether, obtains a most 
unstable compound, which he thus eimploys. A glass 
plate is covered with albumen united with the above 
solution, and then with nitrate of silver : this forms the 
sensitive surface. The plate being placed in the dark, 
in a camera, it is so adjusted that the image of a 
printed bill fixed upon a wheel may fall upon it when 
uncovered, and the wheel illuminated. The wheel i& 
made to revolve ^vith the utmost rapidity, in a perfectly 
dark room, and the sensitive plate uncovered. Then 
the whirling bill is illuminated for an inappreciably short 
space of time by the discharge of a Leyden jar. 
Notwithstanding the rapid rate at which the printed 
paper is moving, and the instantaneous nature of the 
illumination — a miniature flash of lightning — ^the bill is 
found to be copied with unfailing fideUty upon the 
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photographic plate. It unfortunately happens, that the 
preparation by which this extraordinary degree of 
sensibility is obtained^ is very uncertain in its action — 
and hence it is not generally useful ; but here we have 
the evidence to show that at a speed as rapid as thaf of 
a rifle-ball an impression may be made upon a photo- 
graphic plate. There are, however, some new processes 
which promise eventually to rival the above for sen- 
sibility, and to be by no means of difficult manipulation. 
Of this character is the coUodion process. The 
gun cotton dissolved in ether possesses some very great 
accderating properties, and in combination with the 
olviar salts, and one of the vegetable acids, it forms a 
aerndtive surface upon which pictures may be obtained 
hot less than a second of time. 

Colour, natural colour too, has been very decidedly 
aecored. The sun has been solicited to display his 
palette, and the answer has been a picture in which 
colour for colour in all their fidelity have been impressed. 
The plate upon which this result has been obtained is 
of a dark brown colour, and the chromatic variety is, as 
it were, eaten out by the solar rays. These colours 
have not yet been permanently fixed upon the plate 
employed, but from the temporary degree of fixedness 
irhich has been obtained, we may fau'ly hope that in a 
diort time colour may be rendered as permanent on the 
productions of the photograper as on those of the 
painter. It is a curious and striking fact, that in the 
preparation of these plates, salts are used which gi^ c 
colours to flame ; and according to the colour which 
is produced by them when burning, so, on the photogra- 
phic plate, is that colour impressed \\ith greater 
intensity than the others. To what is this leading us ? 
Hysteries surround om' advances on the domain of 
truth. We dare not speculate upon them : the time of 
their full development will arrive. 

By the aid of this beautiful art, we arc enabled to 
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preseire the lineaments of those who have benefitted 
their race by their intellect, or their heroism. We can 
hand dawn to future ages portraits of our own Welling- 
ton^ and the illustrious Arago, unerring in their truth- 
fulness. How greiat would be the joy of all, could we 
now obtain a di^uerreotype portrait of a Greek poet, 
or of a Bomau philosopher, of a Sophocles, or of a 
Seneca ! How much discussion would be prevented did 
we possess a calotype portrait of the Bard of Avon, or of 
the Philosopher of Grantham ! 

By the agency of those very rays which give life and 
brilHancy to the laughing eye and the roseate dieek, 
we can at omee correctly trace the outline of the 
features we admire, with all those shadowy details which 
give a reality to the " presentment/' The objects of 
our love may be for ever present with us in th^ self- 
painted pictures. The vicious, whom we would avoid, 
maybe made known to us by tMs unerring painter. Tte 
process which nature employs is perfect ; the imperfec- 
tions are those of man, and these being few, he may soon 
learn to remedy. 

To the traveller, how valuable are the processes 
of photography ! He secures representations of those 
remains of temples which were in their glory when 
Moses wrote. He copies by one operation a tomb at 
Kamac, covered with myriads of hieroglyphics, or an 
inscribed stone in Arabia, which it woiJd occupy him 
days to trace. These he can carry to his home and 
read at his leisure. The relics of hoar antiquity speak- 
ing to the present of the past, and recoriUng the 
histories of races which have fleeted away like shadows, 
are thus preserved to tell their wondrous tales. 

The ainirer of nature may copy her arrangements 
with the utmost fidelity. Every modulation of the 
landscape, each projecting rock or beetling tor — the 
sinuous river in its rapid flow — the meandering stream, 
^^ gliding like happiness away;'' and the spreading 
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plains over which are scattered the homes of honest 
industry and doni^tic peace^ intermingled with the 
towers of those humble temples in which simple-hearted 
piety delights to '^ bow the head and bend their knee ;" 
these^ all of these^ may^ by the sunbeam which illumi- 
nates the whole, be faithfully pencilled upon our chemi- 
cal preparations. 

CJur art enables us to do more even than this ; we 
have but to present our sensitive tablet to the moon, 
and she, by her own light, prints her moimtains and her 
valleys, azid indicates with all truth the 'physical con- 
ditions of her snr&ce. 

Any leference to the chemical agency of light — 
the lumimms rayjs as distinguished from the chemical 
and calorific rays — has been avoided imtil we came to 
the oonaideration of this particular question of diemical 



Upon oi^anic compounds, as, for instance, upon the 
oolouiiiig matter of leaves and flowers, light does exert 
a chemical power: and it is found that vegetable 
cokmrs are bleadied, not by rays of their own colqor, 
Imt by those which are complementary to them. A red 
dye .&des under the influence of a gieexi ray, and a 
yellow under that of a violet one, much more speedily 
than when exposed to rays of ai^y other xsolour; and tins, 
it must be remembered, is due to the coloured ray 
itself and not to any actinic power masked, as it were, 
behind the colour, as is generally believed.* It was 

* ** It may also be observed that the rays effective in destroying 
a given tint are, in a great many cases, those whose imion pro- 
dooes a colour complementary to the tint destroyed, or at least one 
belonging to that class of colours to which such complementary 
liat may be referred. For example, yellows tending towards 
OTaoge are destroyed with more energy by the blue rays ; blue by 
the red, orange, and yellow rays ; purples and pinks by yellow and 
green rays.**— Sir J. F. W, Herschel, On the action qf the rays qf 
the Sokir Spectrum en Vegetable Colours: Phil. Trans., vol. cxxxiii. 
1842. 
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long a question whether the decomposition of carbonic 
acid by plants was due to the luminous or the chemical 
rays. It is now clearly established that the luminous 
rays are the most active in producing this eflFect ; which 
they do indirectly, by exciting the vital powers of the 
organized structures. Therefore we would refer this 
phenomenon of gaseous decomposition to a vital power 
quickened by luminous excitement.* 

* Tbe following memoirs and works are necessary to a complete 
history of tbe inquiry : — Experiments and observations relating to 
various branches of natural philosophy, with a continuation of the 
observation on air: by Dr. Priestley. London, 1779. fitimotrtis 
Phi/sicO'Chimiques, 6fc. : by J. Senebier. Experiences sur les rSgi- 
faux, by De la Ville : Paris, 1782 ; and Phil. Trans. 1782. Obser- 
vations sur les experiences de M. Ingenhousz : by De la Ville ; Boz. 
obs. 28, 290. Experiences propres it developper les effets de la 
lumiere sur certaines plautes : by Tessier ; Mem. de I'Ac. des Sc 
de Paris, 1783, p. 132 ; Licht. Mag. iv. 4, 146. Sur la vertu de 
feau impregnie d air fixe pour en obtenir^ par le moyen des planteset 
de la lumiire du soleil, de Vair dSphlogistiqui : by IngenhonsK ; 
Roz. obs. 24, 337. Experiences sur V action de la lumiere soUure 
dans la vegetation : by Senebier ; Geneve et Paris, 1788, p. 61. 
Extrait des experiences de M. Senebier sur V action de la lumihre 
sol'iire dans la vegetation : by Hasenfratz ; Ann. Chim. iii. 2nd. 
ser. 266. Experiences relatives h linfiuence de la 4um%ere sur 
quelques vegetaux: by De Candolle ; Jour, de Ph. Iii. 124: Voigt*8 
Mag. ii. 483; Gilb. Ann. xiii. 372; Mem. des Sav. Etr. 1. 329. 
Recherches clumiques sur la vegetation : by Saussure ; Ann. Chim. 
1. 225 ; Jour, de Ph. Ivii. p. 393 ; Gilb. Ann. xviii 208. Recherches 
sur la respiration des plantes exfiosees h la lumihre du soleil; by 
Ruhland; Ann. Ch. Ph. iii. 411 ; Jour, de Ph. 1816. On th9 
action of light upon plants, and of plants upon the atmosphere : by 
Dr. Daubeuy; Pliil. Trans, cxxvii January, 183C. On the actum 
of yellow light in producing the green colour, and of indigo light on 
the movements of plants : bj' P. Gardner; Phil. Mag. xxiv. ; Bibl. 
Univ. xli.K. p. 376, and hi. p. 381. On the influence of light on 
fd;nts: by R. Hunt; Phil. Mag. xxiv. p. 90; Bibl. Univ. xlix. 
p. 383; Athen. 1844 Note on the decomposition of carbonic acid 
by the leaves of plants, under the influence of yellow light : by 
Draper; Pliil. Mag. xxv. p. 1C9. On the action of the yellow rays 
of light on vegetation: by Harkness; Phil. Mng. xxv. p. 339. 
Influence des radons solaires sur la vegetation : by Zantedeschi ; 
lust. No. 541, p. 157. 
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We have already noticed some chemical phenomena 
due to heat, particularly those experiments of Count 
Rumford^s, which appeared to him to prove that the 
chemical agency of the sim's rays was due to its calorific 
power. Certain chemical phenomena, we know, may be 
produced by thermic action; but the only variety of 
thermo-chemicd action which connects itself imme- 
diately with the solar radiations, belongs to a class of 
rays to which the name of Parathermic has been given, 
and to which the scorching, as it is called, of plants, the 
browning of the autumnal leaves, and the ripening of 
fruits, appear to be due.* When we come to the con- 
sideration of those physical phenomena which belong to 
the growth of plants, all these peculiarities of solar 
action must be attended to in detaU. 

The ihauner in which we find the actinic power 
influencing electrical action, also shows us that the 
equilibrium of forces is continued through aU the great 
principles of nature. If a galvanic arrangement is made, 
by winch small quantities of metals may be slowly pre- 
cipitated at one of the poles in the dark, and a similar 
arrangement be exposed to sunshine, it will be found 
that no metal is deposited: the sun^s rays have 
interfered with the decomposing power of the electrical 
current. At the same time we learn, that by throwing 
a beam of light upon a plate of copper which forms one 
of a galvanic pair, whilst it is under the influence of an 
acididated solution, an additional excitation takes place, 
and the galvanometer will indicate the passage of an 
increased current of electricity. These two d^similar 
actions appear enigmatical ; but they may, there is no 
doubt, receive some solution from the influence of 
different rays on the contrary poles of the battery. One 

* Sir Johu Herschel's Memoirs already refen-ed to ; and ReporU 
<M the influence of the Solar Rays on the growth ofPlanttj by Robert 
Hunt : lleport of tlie British Association for the Advancement of 
Science, for 1847. 
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thing is quite evident^— electricity sufBers a disturbance 
of one order, by light ; and an excitement of another l^ 
its associated principles in the sunbeam. If a yellow 
^ass is interposed between the galyanic arrangement 
and the sim, the electro-chemical precipitation goes on 
in the same maimer as it would in perfect darkness, 
and no extra excitem^it is produced upon the plates of 
the battery. From this it would appear that actinism 
and not light is to be regarded as the disturbing power.^ 
It has alr^y been shown that yellow media possess the 
power of stopping back the chemical agent. 

We ha^e already detailed many of the peculiaritiieB of 
the different yarieties of Fhosphori, whidi would «eem 
to be the result of light. Fhosphoreseeuce is probably^ 
excited by those rays whidi produce no direist effect 
upon the eye. K we spread sidphuret of calcium upon 

* Memoir on the Constitution of the Sohxr Spectrum, presented 
at the meetmg of the Academy of Sciences, 1B42, by M. Edmond 
Becquerel; Des effets prodidts sur les corps par les rayons solaires, 
par M. Edmond Becquerel, aide au Museum d'Histoire NatureUe :. 
Mtoioire pr6sente a I'Acad^mie des Sciences, le 23 Octobre, 1848. 
—"Dans le conrant de ce in6moire, j'ai employ^ les noms de 
rayons lumineux, chimiques, et pbosphorogeniques, pour d^signjor, 
dans chaque cas, la portion des rayons sol aires qui agit poiur pro- 
duire, en particulier, les effets lumineux, cliimiques, et pbospho- 
rogeniques; mais cela est sans prejudice de I'opinion que je Tiens 
d'emettre touchant I'existence d'un seul et meme rayonnement.** 

" My reply is this,*' says M. Arago, in his paper entitled 
Considerations relative to the action of Light : " It is by no meana^ 
proved that the photogenic modifications of sensitive substances 
result from the action of the solar light itself. The modifications 
are, perhaps, engendered by invisible radiations mixed with light 
properly so called, proceeding with it, and being similarly re- 
fracted. In this case, the experiment would prove not only that, 
the spectrum formed by these invisible rays is not continuous, 
that there are solutions of continuity as in the visible spectrum^ 
but also that in the two superposed spectra these solutions cor- 
respond exactly. This would be one of the most curious, one- 
of the most sti-ango results of physics." — Tayioi-*s Scientific: 
Memoirs. 
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paper^ and expose it to the action of the solar spectrum^ 
it is finuid to glow (in the dark) only over those spaces^ 
oocapied by the yklet rays and the ordinarily dark rays 
beyoiid i^m ; proving that the excitation necessary to 
the deFdopment of the phenomena of phosphorescence 
is due to a class of rays distinct from the true light- 
^Ting principle^ and more nearly allied to that prin^ple 
or poirer which sets up chemical decomposition. 
Whether the fluorescent rays, before mentioned, which 
are found «o abundantly over the space which produces 
the greatest phosphorescent ^ect, are active in pro- 
ducing the phenomena, is as yet an imsoived problem. 

Visian anid colour, calorific action, chemi<»l change, 
molecaliir disturbance, electrical phenomena, and phos- 
piMvescent excitation, all, each one with a strange 
doalitj^.are connected wilh the sunbeam. 

We find, when we receive solar spectra upon iodized 
plates, or on several kinds of photographic paper, tibat a 
Hue, over which no action takes plates, is preserved at 
the top and bottom of the impressed image, and in many 
cases al<Nig the sides also. The only way in which this 
can be accounted for, as the spectrum represents the 
nm in a dktorted form, is by supposing that rays come 
from the edges of the sun of a different character fixMU 
those wliidi proceed firom the centre of that orb.* 

Li|^t firom the centre of the solar disc is under dif- 
fiseent conditions firom that which comes firom the edge^ 
of the son : this is due to the varyiug angle, which is 
pnatat to us by a circular body : calorific action seems 

* The chemical evidence of this will be found in Sir John 
Hcn^eTs Memoir On the Solar Spectrimi, and particulariy as 
exflonplified in the changes produced on the tartrate of silver. 
Siaflar influMices are described as observed on a Daguerreot^e 
plate, in a paper entitled Experiments and Observations on Light 
wUek has permeated coloured mediae and on the Chemical Action of 
tkt HoUtr Spectrum ; by Robert Hunt.— Philosophical Magazine^ 
ToL XXTJ. 1840. 
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to be more strongly manifested when the envelope erf' 
lights extending like an atmosphere to the sun, is throim 
into great agitation, and waves, and great hollows- 
solar spots— are produced. There is some indication of 
the existence of a third condition on the sun's suifiice, 
to which probably belongs the mighty chemical powar 
which we call actinism. Electricity may be, as some 
have speculated, the exciting agent; a constant and 
violent Aurora Borealis may exist on the sun, and 
.imder the excitation of this force the others named msj 
be quickened into fall activity. 

That actinism is one of the great powers of creatioD 
we have abundant proof. Nearly all the phenomena of 
chemical change which have been referred to light, aie 
HOW proved to be dependent upon actinic power ; and 
beyond the influence which has been ascertained to be 
exerted by it upon all inorganic bodies, we shall hate 
occasion to show stiU further the dependence of the 
vegetable and animal worlds upon its agency. The la- 
iluence of the solar beams on vegetation is proved hf 
common experience; the closer examination of iti 
action on vegetable life is reserved for the chapter de- 
voted to its phenomena. Of its influence on animab 
nothing is very correctly known ; but some early expe- 
riments prove that they, like other organised bodies, aie 
subject to all the radiant forces, as indeed, independent 
«f experiment, every observation must teach. Cer- 
tain it is, that organisation can take place only where 
the sun^s rays can penetrate : where there is unchanging 
darkness, there we find all the silence of death. Pro- 
metheus stole fire from heaven, and gave the sacred gifk 
to man, as the most useful to him of all things in his 
necessities : by the aid of it he could temper the seve- 
rities of climate, render his food moie digestible and 
agreeable, and illuminate the hours of darkness. So 
says the beautiful fiction of the Grecian mind, — ^whidi 
appears as the poetic dream or prophetic glance of a 
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gifted race, who felt the mysterious truth they were yet 
unable to describe. Pheaton and Apollo are only other 
foreshadowings of the creative energies which dwell in 
the glorious centre of our universe. The poetry of the 
Helleiiic people ascended above the littlenesses of merely 
human action, and sought to interpret the great truths 
of creation. Reflective, they could not but see that 
some mysterious powers were at work around them; 
imaginative, they gave to fine ideahsations the govern- 
ment of those inexplicable phenomena. Modem science 
has shown what vastly important oflSces the solar rays 
execute^ and that the princij)les discovered in a sunbeam 
are indeed the exciters of organic hfe, and the disposers 
of inorganic form. 

It must not be forgotten that we have already 
alluded to a speculation which supposes this actinic in- 
fluence to be difPiised through all nature, to be indeed 
the element to which chemical force in all its forms is to 
be referred, and that it is merely excited by the solar 
mjrs. This hypothesis receives some support from the 
?ery peculiar maimer in which chemical action once set 
up is carried on, independent of all extraneous excite- 
menty after the first disturbance has been produced. If 
•ay of the salts of . gold are exposed in connectiqn with 
oiKanic matter, as on paper, to sunshine for a moment, 
an action is begun, which goes on unceasingly in the 
daik, until the gold is reduced to its most simple state.^ 

♦ This peculiar coutinuauce of an effect has frequently been 
obierved in many of the photographic processes. In a note to a 
Memoir On certain improvements in Photographic processes, 
Sr John Herschel thus refers to this property : — " The excitement 
h produced on such paper hy the ordinary moisture of the atmos- 
jhtre, and goes on slowly working its effect in the dark, apparently 
withoiit other limit than is afforded by the supply of ingredients 
pmenL In the case of silver it ultimately produces a perfect 
tSmriny of all the sunned portions. Yeiy suigular and beautiful 
photographs, having much resemblance to Daguerreotype pictures, 
4ie thus produced ; the negative character changing by keeping. 
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The same thing occurs with chromate of silyer, some 
of the salts of mercury^ argentine preparations combined 
with protosulphate of iron or gallic acid, and some other 
chemical combinations. These progressive influences 
point to some law not yet discovered, whidi seems to 
link this radiant actinism with the chemical agent esist- 
ing in all matter. 

This problem also connects itself with another class of 
facts wluch, although due, in all probability, to a.gieat 
extent, to cklorific radiations, and hence known under 
the general term of Thermography, appear to invcdve 
both chemical and electrical excitation. From the in* 
vestigations of Moser and of others, we learn the very 
extraordinary fact, that even inanimate masses act and 
react upon each other by the influence of some dark 
radiations, and seem to exchange some of the peeulnri- 
ties which they possess. This appears generally in Ae 
curious experiments which have been rrferred to, «8 con- 
fined merely to fDrm or structure. Thus an engraved 
plate will give to a polished surface of metal or ^tm 
placed near it, after a very little time, a neat distinct 
image of itself; that is, produce such a structural dis- 
turbance as will occasion the plate to receive vapour dif- 
ferently over those spaces opposite to the parts in cameo 
or in intaglio, from what it does over the opposite. If a 
piece of wood is used instead of a medal, there will, by 
similar treatment, be produced a true picture of the wood^ 
even to the representation of its fibres.* 

and by quite insensiblo gradations to positive, and the shades ex- 
hibiting a most singular chatoytmt change of colour from rnddy- 
brown to black, when held more or less obliquely. No doubt, also^ 
gold pictures with tiie metallic lustre might be obtained by Hoe 
same process, though I have not tried the experiment." 

* The details of this curious subject may be studied an the 
following memoir and communications : — On vision and thstntkm 
of Uffkt on all bodies : by Professor Ludwig Moser, of Konigsbeiff ; 
from PoggendorfTs Annalen, vol. Ivi. p. 177, No. 0, 1845. Some 
remarkt on hwisibie light: by Prolessor Ludwig Moser, of 
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It is also probable that chemical decomposition is pro- 
duced bj the mere juxtaposition of dijOferent bodies. 
Iodide of gold oar silver^ perfectly pure^ has been placed 
upon a plate of glass^ and a plate of copper covered with 
meaMSory suspended over it : a gradusd decomposition 
<tf those salts is said to have been obsenred^ iodide of 
mexciiry to be formed, and the gold or silver salts reduced 
to a findy divicted metallic state.* 

A body whose powers of radiating heat are low, being 
farou^t near another whose radiating powers are more 
eztODsive, will, in the course of a short time, undergo 
such an amount of molecular disturbance as will effect 
a oosnplete change in the arrangement of its siurface, 
and an impression of the body having the highest radi- 
almg powers will be made upon the other. This im- 
ptCMion is dormant, but may be developed under the 
mflpfflfioe of vapour, or of oxidation.t A b6dy, such as 

Konigsberg ; from Popfgendorffs Annalen, vol. Ivi. p. 569, No. 8. 
Om ikipmoer which liffht possesses of becoming latent : by Professor 
Ludwig Moser, of Konigsberg; from PoggendorflTs Annalen, vol. 
hhL No. 9, p. 1. 1842. On certain spectral appearances, and on the 
S ueomry of latent light : by J. W. Draper, M.D., Professcw of 
C3iemi8try in the Univeraity of New York ; Phil. Mag. p. 348, 
Not. 184^. On a new imponderable substance, and on a class of 
etowicai rags analogous to the rags of dark heat : by Professor 
Dnper; Pbil. Mag., Dec. 1842. On the action of the rags of the 
joltr spectrum on the Daguerreotgpe plate ; by Sir J. F. W. 
Heracbel, Bart. ; Phil. Mag., Feb. 1643. See remarks in this 
paper on the use which Moser has made of coloured glasses : also 
a communication by Professor Draper, On the rapid Detithonizing 
p a me r of certain gases and vapowts, and on an instantaneous means 
tfperodnekig spectral appearances : Phil. Mag., March 1843 ; and 
Om ike eamsee which CMCwr i»the production of the images of Moser : 
Comptes Eendus, Nov. 1842. See Scientific Memoirs^ vol. iii. 

* This fact was first observed by myself, and described in the 
MMT abeady referred to, Philosophical Magazine, vol. xxii. p. 270. 
il ooes iiot» howerer, appear to have attracted the attention of any 



f Om Tkenmogrmphgt or the Art of copying Engravings or any 
prinifd ck/araetenfrom pegxr or plates of metal, and on the recent 
discovery of Moser, relative to the formation ofimagee in the deark. 
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cliarcoal^ of low conducting power, being placed near 
another, such as copper, wluch is a good conductor, will, 
in a very short time, produce, in like manner, an im- 
pression of itself upon the metal plate. Thus any two 
bodies, whose conducting or radiating powers are dissi- 
milar, being brought near each other, will occasicli a 
molecular disturbance, or impress the one with the image 
of the other. However small the difference may be, an 
effect is perceived, and that of the most extraordinary 
kind, giving rise to the production of actual images upon 
each surface exposed. It is thus that a print on pq^er 
may be copied on metal, by merely suspending it near a 
well-polished plate of sUver or copper for a few days. 
The white and black lines radiate very differently; con- 
sequently an effect is produced on the bright metal in 
the parts corresponding to the black lines, dissimilar to 
that which takes place opposite to the white partifms 
of the paper ; and, on the application of vapour, t 
true image of the one is found impressed upon tbe 
other.* 

Bodies which are in different electrical states act upon 
each other in an analogous manner. Thus arsenic, which 
is highly electro-negative, will, when placed near a piece 
of electro-positive copper, readily impart to its sur&ce 
an impression of itself, and so in like maimer will other 
bodies if in unlike conditions. Every substance physi- 
cally different (it signifies not whether as it regiu^ds 

by Robert Hunt: Eeports of tbe Royal Cornwall Polytecbnic 
Society for 1H42, and Pliilosopbical Magazine, vol. xxi. p. 462. 
— On the Spectral Images of M. Moser, by Robert Hunt : Philoao- 
pliical Magazine, vol. xxiii. p. 415. 

•:= Catalytic force, or attraction of surface concerned in ike 
diffusive power of gases : on occult energy or power in satwaied 
saline solutions; Prater. — ^lechanic's Mapfazine, vol. xlv. p. 106. 
Ueber elektrische Abbildur/gen; by G. Karsten. — Poggendorff^ 
Annalen, vol. Ivii. p. 40!i. — Melloni and Brewster may be con- 
sulted for mucb that is most remarkable connected with radiation 
from coloured surfaces. 
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colour^ chemical composition^ mechanical structure, calo* 
rific condition, or electrical state,) has a power of radia- 
tion by which a sensible change can be produced in a 
body differently constituted. 

Fable^has told us that the magicians of the East pos- 
sessed mirrors in which they could at will produce 
images of the absent. Science now shows us that repre- 
soitatioiis quite sufficient to deceive the credulous can 
be produced on the surface of polished metals without 
difficulty. A highly polished plate of steel may be im- 
pressed with images of any kind, which would remain 
invisible, the polished surface not being in the least degree 
affected, as it regards its reflecting powers ; but by breath- 
ing over it, the dormant images would develope them- 
selves, and fade away again as the condensed moisture 
evaporated from the surface."^ 

These, which are but a few selected from a series of 
results of an equally striking character, serve to con- 
vince us that nature is unceasingly at work, that every 
atom is possessed of properties by which it influences 
every other atom in the universe, and that a most im- 
portant class of natural phenomena appear to connect 
themselves directly with the radiant forces. 

The alchemists observed that a change took place in 
chloride of silver exposed to simshine. Wedgwood first 
took advantage of that discovery to copy pictures. 
Niepce pursued a physical investigation of the curious, 
change, and found that all bodies were influenced by 
this principle radiated from the sun. Daguerre produced 
effects from the solar pencil which no artist could ap- 
proach to ; and Talbot and others extended the applica- 

* Cornelius Agrippa is said to have possessed such a miiTor. 
The Chinese make mirrors which, when placed in a particular 
light, show upon their polished faces the pattern on the hack of the 
metal, although it is invisible in every other position. This is. 
effected by giving different degrees of hardness to the various 
parts of the metal. In Natural Ma(/ic, by Sir ])avid Brewster, 
several curious experiments belonging to this class are named. 
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tion. Herschel took up tbe inquiiy ; and he, ^th his 
usnal power of inductive search and of philoaophical 
deduction^ presented the world with aclass of discoveries 
which showed how vast a field of investigatian was open- 
ing for the younger races of mankind, — a field in which 
a true spirit may reap the highest reward in ihe disco- 
very of new facts, and to which we must look for a fiir- 
ther development of those great powers with whicii we 
have alreaay some slight acquaintance, and for the dk- 
covery of higher influences which are not yet dreamed 
of in our pMosophy. j 

If music, with its mysteries of saand. 

Gives to the human heart a heavenwaL-d feeHng; 

The heauty and the grandeur which are found 

Spread like a yesture this fair earth around. 
Creation's wond'rous harmonies revealing, 
And to tbe soul in truth's strong tongue appeaing; 

With all the magic of those secret powers. 

Which, mingling with the lovely band of light, 

The sun in constant undulation showers 

To mould the crystals, and to shape the flowers. 
Or give to matter the immortal might 

Of an embracing soul — should, frtwn this sod. 

Exalt our aspirations all to God. 



I 



ELECTRICITV. 193 



CHAPTER IX. 

ELECTRICITY. 

Diseeveiy of Electrical Force — ^Diffused through all Matter — 
What is Electricity ?— Theories — Frictional Electricity — 
Condactiiig Power of Bodies — Hypothesis of two Fluids — 
Electrical Images — Galvanic Electricity — Effects on Ani- 
mals — Chemistry of Galvanic Battery— ^Electricity of a 
Drop of Water — Electro-chemical Action — Electrical Cur- 
rents — Thermo-Electricity — Animal Electricity — Gymnotus 
— Torpedo — ^A^ospheric Electricity — Lightning Conductors 
— Eaiih's Magnetism due to Electrical Currents — Influence on 
Vitality — Animal and Vegetable Development — Terrestrial 
Currents — Electricity of Mineral Veins — Electrotype — In- 
fluence of Heat, Light, and Actinism on Electrical Phenomena. 

If a piece of amber, electrum, is briskly rubbed, it 
acquires the property of attracting light bodies. This 
carious power excited the attention of Thales of Miletus ; 
and from the investigations of this Grecian philosopher 
we must date our knowledge of one of the most impor- 
tant of the natural forces — Electricity. 

If an inquiring mind had not been led to ask why 
does this curious natural production attract a feather, the 
present age, in all probability, would not have been in 
possession of the means by which it is enabled to trans- 
mit intelligence with a rapidity which equals the poet's 
dream of the " swift-winged messengers of thought/' 
To this age of application a striking lesson does this 
amber teach. Modem utility would have regarded 
lliales as a madman. Holding a piece of yellow resin 
in his hand, rubbing it, and then picking up bits of down, 
or catching floating feathers, the old Greek would have 
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appeared a very imbecile, and the cui bono generation 
would have laughed at his silly labours. But when he 
announced to Ins school that this amber held a soul or 
essence, which was awakened by Motion, and went forth 
from the body in which it previously lay dormant, and 
brought back the small particles floating around it, he 
gave to the world the first hint of a great truth which has 
advanced our knowledge of physical phenomena in a mar- 
vellous manner, and ministered to the refinements and to 
the necessities of civilisation. Each phenomenon which 
presents itself to us, however simple it may appear to be, 
is an outward expression of some internal truth, the inter- 
pretation of which is only to be arrived at by assiduous 
study, but which, once discovered, directs the way to new 
knowledge, and gives to man a great increase of power. 
There is no truth so abstract that it wilj^ot find its useful 
application, and every example of the ministration of 
Physical Science to the purposes of humanity is an evi- 
dence of the value of abstract study, and a reply to the 
utilitarian in his own language. 

Electricity appears to be diffused through all nature; 
and it is, beyond all doubt, one of the most important 
of the physical forces, in' the great phenomena of crea- 
tion. In the thunder-cloud, swelling with destruction, 
it resides, ready to launch its darts and shake the earth 
with its explosions: in the aerial undulations, silent 
and unseen, it passes, giving the necessary excitement 
to the- organisms around which it floats. The rain- 
drop — the earth-girdling ocean — and the ringing waters 
of the hill-bom river, hold locked this mighty force. 
The solid rocks — the tenacious clays which rest upon 
them — the superficial soils — and the incoherent sands, 
give us evidence of the presence of this agency ; and in 
the organic world, whether animal or vegetable, the ex- 
citement of electrical force is always to be detected. 

In the solar radiations we have perhaps the prime mover 
of this power. In our atmosphere, when calm and cloud- 
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less^ a great ocean of lights or when sombre with the 
mighty aspect of the dire tornado^ we can constantly 
detect the struggle between the elements of matter to 
Tnaintain an equilibrium of electrical force. 

Diffused throughout matter^ electricity is ever active ; 
but it must be remembered that although it is evidently 
a necessary agent in all the operations of nature, that it 
is not the agent to which everything unknown is to be 
referred. Doubtless the influence of this force is more 
extensive than we have yet discovered ; but that is an 
indolent philosophy which refers^ without examination^ 
every mysterious phenomenon to the influence of elec- 
tricity. 

The question^ what is electricity ? has ever perplexed, 
' and still continues to agitate, the world of science. 
While one set of experimentalists have endeavoured to 
eqplain the phenomena they have witnessed, upon the 
theory that electricity is a peculiar subtile fluid pervad- 
ing matter, and possessing singular powers of attraction 
and repulsion, another party find themselves compelled 
to r^surd the phenomena as giving evidence of the action 
of two fluids which are always in opposite states; while 
again, electricity has been considered by others as, hke 
the attraction of gravitation, a mere property of matter.* 
Certain it is, that in the manifestations of electrical phe- 
nomena we have, as it appears, the evidence of two con- 
ditions offeree; but of the states oipositive or negative, of 
vitreous or resinous electricity, we have a familiar expla- 
nation in the assumption of some current flowing into or 

• Traiti de Physique : M. Biot, vol. vii. Becquerel : Annales 
deChimie, vol. xlvi.-xlix. Faraday's Experimental Researches in 
BUetricHy, 2 vols., 1830-1844. A Speculation touching Electric 
CoMduction and the Nature of Matter: by Michael Faraday, 
D.C.L., F.R.S.; Philosophical Magazine, vol. xxiv., 183i*). 
Objeetions to the theories severally of Franklin, Bufay, and Ampere^ 
mUk an attempt to explain Eleetrical Phenomena by statical or 
midMlatorv polarization: by Robert Hare, M.D., Emeritus Pro- 
iMBor of Chemistry in the university of Pennsylvania. 
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out of the material body^ — of some ]^iiiciple which is 
ever active in maintaining its eqnilibrinm^ which^ conse- 
quently^ must act in two directions^ and always ezMfait 
that duality which is a striking characteristic of IliiB 
subtile agent. It is a curious^ and it shofold be an 
instructive fact^ that each of the three theories of dee- 
tridty is capable of proofs and has, indeed, been most 
ably supported by the rigorous analysis of mathematics. 
When we remember that some of the most enlightened 
investigators of this and the past age have sevenll^ 
maintained, in the most able mao^ier, these di«riinii«r 
views, we should hesitate before we pronounce an opinioa 
upon the cause or causes of the very complicated pheoo- 
mena of electrical force. 

Although we discover, in all the processes of natmc^ 
the manifestations of this principle or force in its dia- 
racteristic conditions, it will be necessary, before we 
regard the great phenomena, to examine the known 
soiu*ces from which we can most readily evoke ike 
mighty power of electricity. If we rub a piece of glasi 
or resin, we readily render this agent active ; these sub- 
stances appear, by this excitement, to become surrounded 
by an atticactive or a repellent atmosphere. Let us rub 
a strip of writing paper with Indian rubber, or a sti^ 
of Gutta Percha with the fingers, in the dark, and we 
have the manifestation of several curious phenomena. 
We have a peculiar attracting power ; we have a lumi- 
nous discharge in the shape of a spark ,- and we have 
very sensible evidence of muscular disturbance produced 
by applying the knuckle to the surface of the materiaL 
In each case we have the development of the same 
power. 

Every substance in nature is an electric, and, if so 
disposed that its electricity may not fly off as it is deve- 
loped, we may, by friction, manifest its presaice, and, 
indeed, measure its quantity or its force. All bodiei 
are not, however, equally good electrics; shell-la^ 
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amber^ resins^ sulphtir^ and glass^ exhibiting more power- 
faJlj the phenomena of frictional or mechanical elec- 
ttkity, thim the metals^ charcoal^ or plumbago. Solid 
bodies allow this peculiar principle to pass along them 
also in very diflGerent d^rees. Thus electricity travels 
readily through copper and most other metals^ platinxmi 
being the worst metallic conductor. It also passes 
through U^ing animals and y^etables^ smoke^ vapour^ 
rarified air, and moist earth ; but it is obstructed by 
lesins and glass^ paper when dry, oils, and dry metallic 
GzideSy and in a very powerful manner by Gutta Percha.* 

* **A good piece of gutta percba will insulate as well as an equal 
pieoe of ^ell-lac, whether it be in the form of sheet, or rod, or lila- 
ment; but being tough and flexible when cold, as well as soft 
when hot, it will serve better than shell-lac in many cases where 
the brittleuess of the latter is an inconvenience. Thus it makes 
Tery good handles for carriers of electricity in experiments on 
induction ; not being liable to fractiure in the form of thin band or 
string, it makes an excellent insulating suspender; a piece of it in 
sheet makes a most convenient insulating basis for anything 
plaeed on it It forms excellent insulating plugs for the stems of 
g«dd-leaf electrometers, when they pass through sheltering tubes, 
and larger plugs form good insulating feet for electrical arrange- 
ments ; cylmders of it, half an inch or more in diameter, have 
great stinhess, and form excellent insulating pillars. In these 
and in other ways its power as an insulator may be useful." — 
Om Hm Mte i^ Qutta Percha in Electrical Insulation: by Dr. 
Faraday; Fhilosoph. Mag., March, 1848. 

The following deductions have been given by Faraday, in his 
Beietarekes in Electricity, a work of most extraordinary merit, 
being one of the most perfect examples of fine inductive philo- 
sophy which we possess in the Euglish language : — 

**A11 bodies conduct electricity in the same manner from 
metals to lacs and gases, but in very different degrees. 

** Conducting power is in some bodies powerfully increased by 
heat, and in others diminished, yet without one perceiving any 
•eoompanying essential electrical difference, either in the bodies, 
or in uie change occasioned by the electricity conducted. 

"A numerous class of bodies insulating electricity of low 
fntensity, when solid, conduct it very freely when fluid, and are 
then decomposed by it. 

*• But there are many fluid bodies which do not sensibly con- 
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If, therefore, we place an electric upon any of those 
non-conducting bodies, the air around being well dried, 
we are enabled to gather a large quantity of the force 
for the production of any particular eflfect. Taking ad- 
vantage of this fact, arrangements are made for the 
accumulation and liberation at pleasure of any amount 
of electricity. 

ALeydcn phial, — so called from its inventor, Muschen- 
brock, having resided at Leyden, — ^is merely a glass bottle 
lined within and without, to within a few inches of the 
top, with a metal coating. If a wire or chain, carrying 
an electric current, is allowed to dip to the bottom of 
the bottle, the inner coat of the jar becomes charged, 
or gathers an excess, whilst the outer one is in its natural 
condition — one is said to be in b, positive, and the other in 
a negative state. If the two coatings are now connected 
by a good conductor, as a piece of copper wire, passing 
from one to the other, the outside to the inside, a dn- 
charge, arising from the establishment of the equifi- 
brium of the two coatings, takes place ; and, if the con- 
nection is made through the medium of our bodies, 
we are sensible of a severe disturbance of the nervous 
system. 

The cause of the conducting and non-conducting 
powers of bodies we know not ; they be&r some relation 
to their conducting powers for caloric ; but they are not 
in exact obedience to the same laws. "When we consider 
that resin, a comparatively soft body, in which, conse- 



diict electricity of this low intensity; there are some which 
conduct it and are not decomposed ; nor is fluidity essential to 
decomposition. 

** There are hut two hodies (sulphuret of silver and fluoride 
of lead) which, insulating a voltaic current when solid, and con- 
ducting it when fluid, ai*e not decomposed in the latter case. 

" There is no strict electrical distinction of conduction which 
can as yet he drawn between hodies supposed to be elementary, 
and those known to be compounds.'* 
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quently, cohesive attraction is not very strong, is an im- 
perfect conductor, and that copper, in which cohesion is 
much more powerful, is a good conductor, we may be 
disposed to consider that it is regulated by the closer ap- 
proximation of the particles of matter. But in platinum 
the corpuscular arrangement must be much more dense 
than it is in copper, and yet it is, compared with it, a 
very bad conductor.* 

We have now learnt that we may, by firiction, excite 
the electricity in a vitreous substance ; but it must not 
be foi^tten that we cannot increase the quantity which 
is, under ordinary conditions, natural to the electric ; to 
do so, we must in some way establish a channel of com- 
munication with the earth, from which, through the 
medium we excite, we draw our supply. We have the 
means of confining this mighty force within certain limits 
of quantity and of time. If we place bodies which are 
susceptible of electrical excitation in a sensible degree 
apon insulating ones, we may retain for a considerable 
time the evidences of the excitement, in the same way as 
with the Leyden jar; but there is a constant eflfort to 
maintain a balance of conditions, and the body in which 
we have accumulated any extraordinary quantity by con- 
duction soon returns to its natural state. 

A very simple means may be adopted of showing what 
is thought to be one. of the many evidences in favoiu* of 
two electricities. If the wire carrying the current flow- 
ing from the machine, is passed over paper covered with 
nitrate of silver, it produces no change upon it ; but if 
the wire which conveys the current to the instrument, 
when it is excited, is passed over the same paper, the 
silver salt is decomposed.f We may, however, explain 
this result in a satisfactory manner, upon the hypothesis 

* Faraday's Speculation on the Nature of Matter, already 
referred to. 

f Experimental Researches : by Dr. Faraday. Chemical Decom- 
potitUm, p. 151. 
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that the decomposition is produced by the abstraction of 
electricity, rather than by any physiod difference in the 
fluid itself. By frictional electricity we may produce 
curious molecuhyr disturbances, and give rise to molecu- 
lar re-arrangements, which have been called '' electrical 
images,^' in glass, in stone, and in the apparently less^ 
tractable metals : these images are rendered visible by 
the manner in which, according to their electrical states, 
some lines receive any particular powder, or vapour, 
which is repelled from other spaces. Many of the great 
natural phenomena, such as loghtning and Thunder, the 
Aurora Borealis, and Meteors, may be imitated in a 
curiously exact manner by the electrical machine and a 
tew familiar arrangements.* 

Voltaic electricity, as the active force produoed by 
chemical change is commonly called, in honour of the 
illustrious Volta, is now to be considered. It differs 
from frictional electricity in this : — ^the electricity deve- 
loped by friction of the glass plate or cylinder of tte* 
electrical machine is a discharge with a sort of explosioiL 
It is electricity suddenly liberated from the highest state 
of tension, whereas that which is generated by chemical 
action in the voltaic battery is a steady flowing current. 
We may compare one to the ignition of a mass of gun- 
powder at once, and the other to the slow burning of 
the same quantity spread out into a very prolonged 
train. 

There are numerous ways in which we may excite the 
phenomena of Voltaism, but in all of them the decom- 
position of one of the elements employed appears to be 
necessary. This is the case in the arrangements of bat- 
teries in which two dissimilar metals, zinc and copper, 
silver and platinum, or the like, is immersed in fluids; 
the zinc or the silver are gradually converted into soluble 
salts, which are dissolved, whilst the copper or platinum 

* Karstcn ; Poggeuclorffs Annalen, vol. Ivii. 
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is protected from any action. The most simple manner 
of illustrating the development of this electricity is by 
placing a piece of silver on the tongae^ and a piece of 
xinc or lead underneath it. No effect will be observed 
so long as the two metals are kept asunder^ but when 
their edges are brought together^ a slight tremulous sen- 
sation will pass through the tongue^ a saline taste be 
distmgnish^ by the palate^ and if in the dark^ light will 
be observed by the eye. 

ThiSy the germ of l^e most remarkable of the sciences^ 
was noticed by Sulzar, fifty years before Galvani observed 
the oonvukions in the limbs of frogs, when excited by 
the action of dissimilar metals ; but the former paid 
little attention to the phenomenon^ and the discover}^ 
led to no results. 

When Gralvani's observant mind was directed to the 
remarkable fact that the mere contact of two dissimilar 
metals with the moist surface of living muscles produced 
convulsions^ there was an awakening in the sotd of that 
phOoaopher to a .great fundamental truth, which was 
nurtured by him, tried and tested, and preserved to work 
its marvels for future ages. 

Aldiough the world of science looks back to Volta as 
the man who gave the first true interpretation of this 
discovery, yet the ordinary world will never disconnect 
this important branch of physical science from the 
name of Galvani, and chemical electricity in all its 
finrms will for ever be known under the famiUar name of 
Galvanism. And it must not be forgotten, that the 
plienomena of the manifestation of electricity, in connec- 
tion with the 'conditions of vitality, are entirely due to 
Galvani. 

Let us examine the phenomena of Gtilvanism in its 
most simple phases : — 

If we place a live flounder upon a plate of zinc, put a 
shilling on its back, and then touch both metals with 
the ends of a metallic wire, the fish will exhibit painful 
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convulsions. The zinc becomes oxidized by the separa- 
tion of oxygen from the fluid on the surface "with which 
it is in contact^ whilst hydrogen gas is liberated at that 
surfece touched by the other metal. Here we have, in 
the first place, a chemical change effected, then a pecu- 
liar muscular disturbance. Each successive combination 
or decomposition, like a pulsation, is transmitted along 
the circuit from one extremity to the other. How the 
impulse which is derived from the zinc is transmitted 
through the body of the animal, or the tongue, to the 
silver or copper is the next consideration. 

We can only understand this upon the supposition 
that a series of impulses are communicated in the most 
rapid manner along the connecting line ; the idea of a 
current, although the term is commonly employed^ tends 
to convey an imperfect impression to the mind. It 
would seem rather that a disturbance throughout tlie 
entire circuit is at once set up by a series of vibrations 
or impulses communicated from particle toparticle, and 
^ong the strange net-work of nerves. One set of die- 
mical elements have a tendency to develope themseLves 
at that point where vibration is first communicated to 
the mass from a better conductor than it is, and another 
set at the point where it passes from the body to a better 
conductor than itself. The cause of this is to be sought 
for in the laws which regulate molecular constitution — 
by which chemical affinity is disturbed, — and a new 
attractive force exerted, in obedience to which the vital 
energy is itself agitated. We must not, however, forget 
that it is probable after all, although not yet susceptuie 
of proof, that the electricity does nothing more than dis- 
turb or quicken the unknown principles upon which die- 
mical and vital phenomena depend; being, indeed, a 
secondary agent.* 

^ Traits Expirimental de lElectridU et du Magnitimi: 
Becquerel, 18.34, Priestley's Introduction to Electricity. 0» 
Etectricity in Equilibrium : Dr. Young's Lectui-es. 
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Notwithstanding onr long acquaintance with the phe- 
nomena of galvanism^ there are but few who entertain a 
correct idea of the enormous amount of electricity which 
is necessary to the existing conditions of matter. To 
Faraday we are indebted for the first clear set of deduc- 
tions firom a series of inductive researches, which are of 
the most complete order. He has proved, by a series 
of exceedingly conclusive experiments, that if the elec- 
trical power which holds a grain of water in combination, 
or which causes a grain of oxygen and hydrogen to unite 
in the right proportions to form water, could be collected 
and thrown into the condition of a voltaic current, it 
would be exactly the quantity required to produce the 
decomposition of that grain of water, or the liberation of 
its elements, hydrogen and oxygen.* 

By direct experiment it has been proved that one equi- 
valent of zinc in a voltaic arrangement evolves such a 
quantity of electricity in the form of a current, as, pass- 
ing through water, will decompose exactly one equivalent 
ol that fluid. The law has been thus expressed : — The 
electricity which decomposes, and that which is evolved 
by tiie decomposition of a certain quantity of matter, are 

♦ Faraday's Experimental Researches on Electricity. This 
phfloBopher has shown, by the most conclusive exj)eriment8, 
** that the electrici^ which decomposes, and that which is evolved 
hy the deoomposition of, a certain quantity of matter, are alike. 
What an enormous quantity of electricity, therefore, is required 
for -the decomposition of a single grain of water ! We have 
^heady seen that it must be in quantity sufficient to sustain a 
platiDinn wire -^ of an inch in thickness, red hot; in contact 
wilh the air, for three minutes and three quarters. It would 
appear that 800,000 charges of a Leyden battery, charged bv 
thirty turns of a very large and powerful plate machine, in full 
action — a quantity siSfficient, if passed at once through the head 
•of a rat or cat, to have killed it as by a flash of lightning — are 
necessary to supply electricity sufficient to decompose a single 
•grain of water; or, if I am right, to equal the quantity of electri- 
city which is naturally associated with the elements of that grain 
of water, endowing them with their mutual chemical affinity." 
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alike. The eqtiivaleiit weights of bodies are those quan- 
tities of them which contain eqnal quantities of electri- 
city ; electricity determining the equivalent nnmber, 
because it determines the combining force.* 

The same elegant and correct experimentalist has 
shown that zinc and platinum wires^ one-eighteentli of 
an inch in diameter^ and about half an inch long, dipped 
into water in which is mixed sulphuric add so weak 
that it is not sensibly sour to the tongue, will evobe 
more electricity in one-twentieth of a minute than is 
given by thirty turns of a large and powerfbl plate elec- 
trical machine in full action, a quantity whidi, if passed 
through the head of a cat, is sufficient to kill it as by a 
flash of lightning. Pursuing this interesting inqimy 
yet further, it is found that a single grain of water con- 
tains as much electricity as could be accumulated in 
800,000 Leyden jars, each requiring thirty turns of the 
laj^ machine of the Boyal Institution to charge ii^*^ 
a quantity equal to that which is developed firam a 
charged tihtunder-doud. " Yet we have it under perfect 
command,— -can evolve, direct, and employ it at plea- 
sure; and when it has performed its fiill work of dectro- 
lisation, it has only separated the elements of a single 
grain of water .^^ 

It has been ai^ed by many that the realities of 
sdence will not admit of anything like a poetic view 
without degrading its high office; that poetry, being 
the imaginative side of nature, has nothing in common 
with the facts of experimental research, or witii the 
philosophy which generalises the discoveries of severe 
induction. If our sdence was perfect, and laid bare t^ 
our senses all the secrets of the inner world ; if oar 
philosophy was infallible, and always connected one fiict 
with another through a long series up to the undoubted 
cause of all — then poetry, in the sense we now use the 

• Experimental Researches : Faraday. 
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term, would have little business with the truth; it 
would, indeed, be lost or embodied, hke the stars of 
heaven, in the brightness of a meridian sun. But to 
take our present fact as an example, how important a 
foundation does it offer upon which to build a series of 
thoughts, capable of lifting the human mind above the 
materialities by which it is surrounded, — of exalting 
each common nature by the refinement of its firesh ideas 
to a point higher in the scale of inteUigence, — of quick- 
emng every impulse of the soul, — and of giving to 
mankind the most holy longings. 

What does adence tell us of the drop of water ? Two 
gases, the one exciting life and quickening combustion, 
the other a highly inflammable air, are, by the influence 
rf a combination of powers, brought into a liquid globe. 
We can, from this crystal sphere, evoke heat, light, 
dectriGity, and actinism in enormous quantities; and 
beyond these we can see powers or forces, for which, in 
the poverty of our ideas and our words, we have not 
names ; and we learn that each one of these principles 
IB engaged in maintaining the conditions of the drop of 
water which refreshes organic nature, and gives glad- 
ness to man^s dwelling-place. 

Has poetry a nobler theme than this ? Agencies are 
seen like winged spirits of infinite power, each one 
working in its own peculiar way, and all to a common 
end, — to produce, under the guidance of omnipotent 
mle^ the waters of the rivers and the seas. As the 
great ocean mirrors the bright heaven which overspreads 
it^ sad reflects back the sunlight and the sheen of the 
nddnight stars in grandeur and loveliness; so every 
imp rf water, viewed with the knowledge which science 
has given to us, sends back to the mind reflections of 
yet distant truths which, rightly followed, will lead us 
upwards and onwards in the t^act of higher inteUi- 






** To the abodes where the eternals are.* 
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In the discoveries connected with electricitj, we have 
results of a more tangible character than are as yet con- 
nected with the other physical forces ; and it does appe^ 
that this science has advanced our knowledge of nature 
and of the mysteries of creation £aT more exten- 
sively than any other department of purely experimental 
inquiry. 

The phenomena of electro-chemical action are so 
strange that we must return for a moment to the con- 
sideration of the decomposition of water, and the 
appearance of hydrogen at one pole, and of oxygen at 
the other. It appears that some concision of our ideas 
has arisen from the views which have been received of 
the atomic constitution of bodies. We have been 
accustomed to regard water, — ^to take that body as an 
example of all, — as a compoimd of two gases, hydrogen 
and oxygen ; an equivalent, or one atom of the first, 
united to an equivalent or one atom of the last, 
forming one atom of water. This atom of water we 
regard as infinitely small ; consequently a drop of water 
is made up of many himdreds of these combined atoms, 
and a pint of water of not less than 10,000 drops. Now, 
if this pint of water is connected with the wires of 
a galvanic battery, although their extremities may be 
some inches apart, for every atom of oxygen liberated at 
one pole, an atom of hydrogen is set free at the other. 
It has been thought that an atom has imdergone 
decomposition at one point, its oxygen being torn from 
it, and then there has arisen the difficulty of sending 
the atom of hydrogen through all the combined atoms 
of water across to the other pole. A series of decom- 
positions and recompositions have been supposed to take 
place, and the communication of effects from particle to 
particle. 

An attracting power for one class of bodies has been 
found in one pole, which is repellent to another class ; 
and the reverse order has been detected at the opposite 
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pole of a galvanic arrangement.* That is, the wire 
which carries the current from an excited zinc plate 
has a relation to all bodies, which is directly opposite to 
that which is exhibited by the wire conveying the cur- 
rent from, or completing the circuit with, the copper 
plate. The one, for instance, collects and carries acids 
and the like, the other the metallic bases. At the 
extremity of one .galvanic wire, placed into a drop of 
water, oxygen is always liberated ; and at the end of 
the other, necessary to complete the circuit with the 
battery, hydrogen is set free. 

It appears necessary, to a clear understanding of 
what takes place in this experiment, that we should 
i^ard each mass, howsoever large, as the representative 
of a amgle atom. Nor is this difficult, as the following 
iOiistration will show. 



4e The appearance of acid and alkaline matter, in water acted 
on by a current of electricity, at the opposite electrified metallie 
surfaces, was observed in the first chemical experiments made 
with the column of Volta — (see Nicholson's Journal, vol. iv. p. 
188, and vol. iv. p. 261, for Mr. Cruickshank's Experiments; and 
Aonales de Ghimie, torn, xxxvii. p- 233, for those of M. Desormes) : 
Omsome Chemical Agencies in Electricity: by Sir Humphry Davy. 
— ^Philosophical Transactions for 1807. The various theories of 
electro chemical decomposition are carefully stated by Faraday, in 
hk fifth series of Experimented Researches on Electricity, in which 
he thus states his own views : — " It appears to me that the effect 
it produced by an internal corpuscular action exerted accordingf 
to the direction of the electric current, and that it is due to a force 
either auiferadded to or giving direction to the ordinary chemical 
tfbdty ot the bodies present. The body under decomposition 
Aay be considered as a mass of acting particles, all those which 
•» included in the course of the electric current contributing to 
the final effect ; and it is because the ordinary chemical affinity 
18 relieved, weakened, or partly neutralized by the influence of the 
electric current in one direction parallel to the course of the 
latter, and strengthened or added to in the opposite direction, that 
tin combining particles have a tendency to pass in opposite 
courses." 
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Let US take one particle of common salt {chloride of 
sodium) weighing less than a grain^ and put it into a 
hundred thousand grains of distilled water. In a few 
minutes the salthas diffused itself through thewholeof the 
fluids and in every drop we can detect dblorine and soda. 
We cannot believe that this grain of salt has split itself 
up into a hundl'ed thousand parts ; we conceive rather 
that the phenomenon of solution is. one of diffdsion. 
One infinitely elastic body has interp^ietrated with 
another. 

Instead of an experiment with a pint of water, let us 
take our stand on Dover heights, and, with a gigantic 
battery at our command, place one wire into the ocean 
on our own shores, and convey the other throughi the 
air across the channel, and let its extremity dip into the 
sea off Calais pier — ^the experiment is a practicable one 
— we have now an electrical circuit of wluch the British 
ehannel forms a part, and the result will be exactly the 
same as that which we may observe in a watch-glass 
with a drop of water. 

We cannot s appose that the instantaneous and 
simultaneous effect which takes place in the water at 
Calais and at Dover, is due to anything like what we 
have studied under the name of convection, when 
considering Heat. 

A thousand balls are placed in a line touching each 
obher; the first ball receives a blow, and the last ball 
flies off with a force exactly equal to the power apphed 
to the first; none of the intermediate balls being 
moved. 

We cannot conceive that the particle A excites the 
particle B next it, and so on through the series between 
the two shores ; but regarding the channel as one large 
drop, charged with the electric principle as we know it 
to be, it is excited by undulation or tremor throughout 
its width, and we have an equivalent of oxygen t^wn 
off on one side of the line, and an exact equivalent of 
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ydrogen at the other^ the electro-cliemical influence 
eing exerted only where the current or motion is 
transferred firom one mediiun to another.* The im- 
perfect charaQJter of this view is freely admitted; no 
fther, consistent with known facts, presents itself by 
vlnch the efiSect can be explained. The fact stands as a 
Tuih ; Hie hypothesis by which it is attempted to be 
nteipreted is open to doubt, and it is opposed to some 
ayourite theories. 

Before we pass to the consideration of the other 
sources of electricity, it is important we should under- 
stand that no chemical or physical change, however 
slight it may be, can occur without the development of 
Jectrical power, K we dissolve a salt in water, if we 
mix two fluids together, if we condense a gas, or convert 
I fluid into vapour, electricity is disturbed, and may be 
loade manifest to our senses.f 

It has been shown that this power may be excited by 
Uction (machine electricity) and by chemical action 
(voltaic dectridty, galvanism) ; it now remains to speak 
rfflie electricity developed by heat (thermo-electricity), 
the dectridty exhibited under nervous exdtement by 



* " This capital discovery (chemical decomposition of electricity) 
appears to have been made in the first instance by Messrs. 
Nicholson and Carlisle, who observed the decomposition of water 
to prodaced. It was speedily followed up by the still more impor- 
^t one of Berzelius and msinger, who ascertained it as a general 
W, that, in all the decompositions so effected, the acids and 
)xygen become transferred and accumulated around the positive, 
^d hydrogen, metals, and alkalies around the negative, pole of a 
voltaic circuit ; being transferred in an invisible, and, as it were, 
I latent or torpid state, by the action of the electric current,^ 
hroogh considerable spaces, and even through large quantities of 
?ater or other liquids, again to reappear with all their properties 
t their appropriate resting-places.' — Discourse on the Study qf 
faharal PhUosoohy : by Sir John Herschel, Bart., F.R.S. 
f Numerous beautiful illustrations of this fact will be found in 
eequerers Traits Experimental de lElectriciti et du Magnitisme 

P 
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the gymnotus and torpedo (animal electricity) ; magne-^ 
tism and its phenomena being reserved lor a separate 
consideration. 

If a bar of metal is warmed at one end and kept ooa7 
at the other^ an electrical current circulates through tb^ 
bar^ and may be carried off hy connectian with ai^ 
good conductor, and shown to exhibit the properties of 
ordinary electricity. The metals best suited for showini^ 
the effects of thermo-electricity appear to be bisniidL 
and antimony. By binding two bars of these meteb 
together at one end, and connecting the other ends wiUi 
a galvanometer, it will be discovered that an eleciib 
current passes off through the instrument by ^ 
slightest variation of temperature. Merely daspiiii^ 
the two metals, where boimd together, with the finger 
and thumb, is sufficient to exhibit the pheaom€Doa. 
By a series of such arrangements, — ^which fonoL what 
have been called thermo-electric multiplierB,— ^ff& 
obtain the most delicate measurers of heat with whidi 
philosophers are acquainted, by the aid of which 
Melloni has been enabled to pursue his beautifbl 
researches on radiant caloric. 

That this electricity is identical with the other forms 
has been proved by employing the current thus excited 
for the purpose of producing chemical decompositioii, 
magnetism, and electaic light.* 

The phenomenon of thermo-electricity — the discovafjr 

* See Le Feu SUmentaire of TAbbe Nollet ; Le9on3 de Phyaqoe, 
torn. vi. p. 252 ; Du Pouvoir thermo^lectrique, by M. BecquereH- 
Annales de Chimie, vol. xli. p. 353 ; also a Memoir by Nobflit 
Bibliotbeque UniTerselle, vol. xxxvii. p. ] 5 ; Experimental Cw* 
^ribtUiwis towards the theory of Thermo-Electricity by Mr. J. 
Prideaux — PhilosopbicalMagazi-ne, vol. iii., Third Series; Owrt* 
Thermo-Magnetism of Homogeneous Bodies, with ilhtstrative ttfi- 
rifTtents, by Mr. WiUiam Sturgeon — Philosophical Magazine, toL 
X. p. 1—136, New Series. Botto made magnets and obtained 
chemical decomposition. Antinori produced the spark. Mi- 
Watkins heated a wire in Harris's Thermo-Electromet«r. 
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of Seebeck^ is another proof of the very close connection 
of the physical forces. We witness their being resolved 
as it were into each other^ electricity producing heat, 
and heat i^ain electricity ; and it is from these curious 
Ksnlts that the arguments in favour of their intimate 
idations and actual identity have been drawn. It will, 
kiwever^ be found to be the best philosophy to regard 
tibeee forces as dissimilar, until we are enabled to prove 
tibem to be only modified forms of one principle or 
poRiver. At the same time it must not be forgotten that 
m natural operations we invariably find the combined 
aetion of several forces producing a single phenomenon. 
19ie important fact to be particularly regarded is, that 
we have evidence that every substance which is un- 
Qfoally heated becomes the source of this very remark- 
ttle form of electricity.* 

There exist a few* fishes gifted with the very ex- 
Inordinary power of producing electrical phenomena 
lijr an effort of muscular or nervous enei^. 

The Gymnoius electrumsy or electrical eel, and the 
Bmia torpedo, a species of ray, are the most remarkable. 
This power is, it would appear, given to these curious 
creatures for purposes of defence, and also for enabling 
littm to secure their prey. The Gymnotv^ of the South 
America rivers, will, it is said, when in full vigour, send 
fiirth a discharge of electricity sufficiently poweiAd to 
knock down a man, or to stun a horse ; while it can 
deitrc^ fishes, through a considerable space, by exert- 
m% its strange artillery .f 

Earaday^s description of* a GynmoiuSy paralyzing and 

• A very ingenious application of the knowledge of this fact was 
Mggestod by Mr. Solly, by which the heat of a furnace could be 
wait 111 rl J registered at a very considerable distance from it. See 
Lmeripium of an Electric Thermometer: by E. Solly, Jun., 
Esq. Philosophical Magazine, vol. xx. p, 391. New Series. 

t HumbQldt; Personal Narrative^ Chap. xviL— Annales do 
Cmmie, voL ziv. p. 15. 
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seizing its prey, is too grapliic and important to be 
omitted. 

^^The Gymnotus can stun and kill fish which are in 
very various positions to its own body ; but on one day, 
when I saw it eat, its action seemed to me to be 
peculiar. A live fish, about five inches in length, 
caught not half a minute before, was dropped into the 
tub. The Gymnotus instantly turned round in such a 
manner as to form a coil, inclosing the fish, the latter 
representing a diameter across it ; a shock passed, and 
there, in an instant, was the fish struck motionless, as 
if by lightning, in the midst of the waters, its side 
floating to the light. The Gymnotus made a turn or 
two to look for its prey, which, having found, he bolted, 
and then went about searching for more. A second 
smaller fish was given him, which being hurt in the 
conveyance, showed but little signs of Ufe, and this he 
swallowed at once, apparently without shocking it. The 
coiling of the Gymnotus round its prey had, in this cas^ 
every appearance of being intentional on its part, to 
increase the force of the shock, and the action is evi- 
dently well suited for that purpose, being in full 
accordance with the weU-known laws of the discharge 
of currents in masses of conducting matter ; and thou^ 
the fish may not always put this artifice in practice, it is 
very probable he is aware of its advantages, and may 
resort to it in cases of need/'* 

Animal electricity has been proved to be of the same 
character as that derived from other sources. The 
shock and the spark are likfe those of the machine ; and 

^ Experimental Researches on Electricity. Series xv. Consult 
Sir Humphry Davy : An Account of some Experiments on the Tor- 
^e(fo.-— Philosophical Transactions, 1829, p. 15. John Davy, M.D., 
F.B.S.: An Account of some Experiments and Observations om the 
TorpedOj ibid., 1832, p. 259 ; and the same author's Observaiitms 
on the TorpedOy tvith an Account of some Additional Experiments am 
its Electricity J and Matteucci, Bibliothegue Universelle, 1887, 
vol. xii. p. 174. 
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the current firom the animal^ circulating around soft 
iron, like galvanic electricity, has the property of render- 
ing it magnetic. 

It is important that we should now review these 
conditions of electrical force in connexion with the great 
^ysical phenomena of nature. 

It is sufficiently evident, from the results which have 
been examined, that all matter, whatever may be its 
form or condition, is for ever under the operation of the 
j^hysical forces, in a state of disturbance. From the 
oentre to the surface all is in an active condition : a 
itate of mutation prevails with eveiy created thing ; and 
science clearly shows that influences are constantly in 
action which prevent the possibility of absolute repose. 

Under the excitement of the several agencies of the 
aolar beams, motion is given to all bodies by the circu- 
lation of heat, and a full flow of electricity is sent 
aioond the earth to perform its wondrous works. The solar 
inftaences, which regulate, and possibly detemune, every 
pirfBical force with which we are acquainted, are active 
m effectiiig an actual change of state in matter. The 
mbeam of the morning falls on the solid earth, and its 
influence is felt to the very centre. The mountain-top 
Qitdies the first ray of light, and its base, still wrapt in 
Busts and darkness, is disturbed by the irradiatiug 
power. The crystalline gems, hidden in the darkness of 
the solid rock, are dependent, for that form which 
makes them valued by the proud and gay, on the 
iaflnence of those radiations which they are one day to 
icfract in beauty. The metals locked in the chasms of 
tiie rifted rocks are, for all their physical peculiarities, 
at dependent on solar influence as is the flower which 
fifti its head to the morning sim, or the bird which sings 
•at heaven^s high gate.'* 

Let US, .then, examine how far electricity, as dis- 
tinpushed from the other powers, acts in producing any 
of these effects. 
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We find electricity in the atmosphere, which the 
electrical kite of Dr. Franklin proved to be identical 
mth that principle produced by the friction of glass. In 
the grandeur and terror of a thunderstorm, many see 
nothmg but manifestations of Almighty wrath. When 
the volleys of the bursting cloud are piercing the 
disturbed air, and the thunders of the discharge are 
pealing their dreadful notes above our heads, the 
chemical combinations of the noxious exhalations 
arising from the putrefying animal and v^^etable 
masses of this earth are effected, elements fitted for the 
purposes of health and vegetation are formed, and 
brought to the ground in the heavy rains which usually 
foUow these storms. Science has taught man this: — ^lun 
shown him that the ^^ partial evil'^ arising from the 
^^ winged bolt^' is a "imiversal good;^' and, more tihan 
this, it has armed him with the means of protecting his 
life and property from the influence of lightnings. So 
that, like Ajax, he can defy the storm. By metaOie 
rods, carried up a chimney, a tower, or a mast, we may 
form a channel through which the whole of the 
electricity of the most terrific thunder-cloud maybe 
carried harmlessly into the earth or the sea; and it is 
pleasing to observe that at length prejudice has been 
overcome, and ^^ conductors'^ are generally attached to 
high buildings, and to most of the ships of our navy.* 
It was discovered that the devastating hailstorms of the 
south of Prance and Switzerland, so destructive to the 
vineyards and crops, were accompanied by evidences of 
great electrical excitation, and it was proposed to dis- 
charge the electricity from the air by means of pointed 
metallic rods. These have been adopted, and, it is said, 

-i« On Lightning Conductors^ by Sir William Snow Harris ; 
Observations on the Action of Liahtning Conductors, by W. Snow 
Harris, Esq., F.R.S. — London Electrical Society's TransactiooA. 
Numerous valuable papers On Electricity, by Sir William Hairi8» 
will be found in the Philosopbical Transactions. 



LiaHTKING CONDUCTORS. 215 

■with real advantage — each rod protecting an area of one 
hundred yards. Thus it is that science ministers to our 
service ; and how much more pleasing is it to contem- 
plate the lightnings with the philosopher^ as an agent 
destroying the elements of pestilence, and restoring the 
Iffialthfuliiess of the air we breathe, than with the 
romancer, to see in it only the dreaded aspect of a 
demon of destruction. 

The laws which r^ulate the spread of a pestilence 
are unknown. The difiElculties of the investigation are 
gieat^ but they are by no means insurmountable. A 
^agoe passes firom the east to the west across the world 
—4t spreads mourning over the gayest cities, and sorrow 
«itteth in the streets. The black death rises in the 
Orient: it goes on in unchecked strength, and only 
ftnahes its course when it has made the circuit of the 
dvilized world. The cholera spreads its ebon wings — 
m^jukind trembles — ^watches its progress, and looks 
upon the path which is marked by the myriads of the 
dead, who have fallen before the dire fiend. The 
diseMes pass away — ^the dead are buried, and all is 
fingotten. The rush and the riot of life are pursued : 
and until man is threatened with another advent, he 
eues not to trouble himself. Accompanying the last 
Tintatian, there appear certain peculiarnneteorological 
conditions, which point a Kne of inquiry. It may or 
may not be the path which leads to the truth, but 
certainly its indications are worthy of careful ex- 
amination. It may be asked, can weak man stop a 
pestilence; can a mortal^s puny hand retard the afflic- 
tions of the Almighty? The question asked— it must 
Ik answered in reverence, yet without fear. No 
Imman power can produce a change in the physical con- 
ations of the earth, or of the air ; and if our diseases 
aie connected with those changes, as beyond all doubt 
I a mimber of them are, they lie above mjsai^B control. 
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tlaese are producing some dire effect, and when t^i 
know that these secondary causes may be modified^ it is 
sufficient evidence to prove that man is permitted to 
control thus far the afflictions which are sent to try hi? 
powers. 

We find a disease winging its way from lane to alley 
and closed court, sweeping with destructive violence its 
way through damp cellars and crowded attics; it is rife 
with mischief along the banks of reeking ditches, and 
on the borders of filthy streams. Certain it is, therefor^ 
that some ultimate connexion exists between the con- 
ditions of dirt and this speedy death. Can science tcD 
of, these? has it yet searched out the connecting link? 
Let the question be answered by a few facts. 

When the cholera first made its appearance, and 
subsequently, it has been observed that the electrical 
intensity of the atmosphere was unusually low. 

The disease has departed, and it is then foimd i}uit 
the electricity of the air has been restored to its ordinary 
condition. 

This appears to show some connexion ; but how do 
these conditions link this physical force with the ditch- 
seeking disease ? 

From all stagnant places, from all the sinks of over- 
crowded humstiity, from fermenting vegetable and fipom 
putrefying animal matter, there are constantly arising 
poisonous exhalations to do their work of destruction. 

Where death and decay is a law, this must of neceuaHj 
constantly occur ; but the poisonous reek may be dif- 
fused, or it may be concentrated, and Nature has pro- 
vided for this, and ordered the means for rendering ike 
poison harmless. 

By the agency of electricity, — ^probably, too, by the 
influence of light, — ^the oxygen in the air undergoes a 
peculiar change, by which it is rendered fitr more ener- 
getic than it is in its ordinary state. This is the con- 
dition to which the name of ozone has been applkd. 
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Now, this ozone, or this pecuiiar oxygen, always- exists 
in the air we breathe ; but its quantity is subject to great 
and rapid variations. It is found that when electrical 
intensity is high the quantity of this principle is great ; 
when the electrical intensity is low, as in the cholera 
years, the proportion of ozone is relatively low. 

This remarkable chemical agent possesses the power 
of instantly combining with organic matter, — of re- 
moving with singular rapidity all noxious odours ; and 
it wordd appear to be the most active of all known 
disinfectants. 

May we not infer from the facts stated that the pes- 
tilence we dread is the result of organic poison, which 
from a deficiency of ozone, — ^its natural antidote, — exerts 
its baneful influences on humanity. This deficiency is 
due to alterations in the electrical character of the air, 
possibly dependent upon phenomena taking place in the 
son itself, or it may be still more directly influenced by 
Tariations in the character of solar light, which we have 
not yet detected, by which the conditions of the electric 
power are determined. 

This may be a line along which it is fair to push en- 
quiry. But such an enquiry must be made in all the 
irarity of the highest inductive philosophy, and specu- 
tttion must be held firmly in the controlling chains of 
experiment and observation. In the truths, however, 
which are known to us, there is so much harmony and 
consistence that even the melancholy theme links itself 
— a tragedy — ^with the Poetry of Science. 

It has been thought, and much satisfactory evidence 
hm been brought forward to support the idea, that the 
earth^s magnetism is due to currents of electricity 
circulating around the globe ; as a great natural current 
from east to west — ^that, indeed, it has an unvarying 
icfisrence to the motion of the earth in relation to the sun.*- 

* Adopting, to a certain extent, this view, Faraday, in his 
Bkeirieal Nomenelaturey proposed for the word polo to substitute- 
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These terrestrial currents, as they have without doubt 
a very important bearing on the structural conditions 
of the rock-formations and the distribution of minerals^ 
require an attentive consideration; but we must, in the 
first place, examine, as far as we know, the influences 
exerted, or supposed to be exerted, by electricity, in its 
varied forms. 

The phenomena of vitality have, by many, been con- 
sidered as immediately dependent upon its influence ; 
and a rather extensive series of experiments has been 
made in support of this hypothesis. The researches 
of Philip on the action of the organs of digestion, when 
separated from their connection with the brain, but 
united with a galvanic battery, have been proved by 
Dr. Reid to be delusive ;* since, as the organ is not 

OMode (&VW, upwards^ and &Bhsy a way), the way which the sun rises; 
and cathode (fcarck, downwards ^ and biosy a way), the way which the 
sun sets. The hypotliesis belongs essentially to Ampere. ObjeO' 
tions to the Theories severally of Franklin, Dufay, and Amphre, with 
an Effort to Explain Electrical Phenomena by Statical or Undulatmy 
Polarisation, by Robert Hare, M.D., Pennsylvania, will well repay 
an attentive perusal. 

♦ Inquiry into the Laws of the Vital Functions. — Philosophical 
Transactions, 1815, 1822; Some Observatior^ relating to the Func- 
tions of Digestion, ibid., 1829 : On the Powers on which the Func* 
tions of iJfe in the more perfect animals depend, and on the manntr 
in which they are associated in the production of their more ccmm- 
jplicated resuUs, by A. P. W. PhUip, M.D., F.R.S., L. and E.— 
The following extract from the last-quoted of Dr. Philip s Memoirs, 
will give a general view of the conclusions of that eminent physio- 
logist:—" With respect to the nature of the powers of the living 
animal which we have been considering, the sensorial and mus* 
oular powers, and the powers peculiar to living blood, we have 
found belong to the living animal alone, all their peculiar proper- 
ties being the propei-ties of life. The functions of life may be 
divided into two classes, those which are affected by the properties 
of this principle alone, and those, by far the most numerous class, 
which result from the co-operation of these properties with those 
of the principles which operate in inanimate nature. The nervous 
power we have found to be a modification of one of the latter prin- 
'^ciples, because it can exist in other textures than those to wnicb 
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removed from the influence of the living principle, it is 
quite evident that the electricity here is only secondary 
to some more imp(»rtant power. Matteucci has en- 
deayonred to show that nervous action is intimately 
oonnected with electric excitation, and that electricity 
may be made a measurer of nervous iritability .* There 
can be no doubt that a peculiar susceptibility to excite-, 
ment exists in some systems, and this is very strikingly 
ckown in the disturbances produced by electric action ; 
Iwt in the experiments which have been brought for- 
Twurd we have only the evidence that a certain number 
of mnscular contractions are exhibited in one animal by 
a corrent of electricity, giving a measured eflect by the 
Toltameter, which are different from those produced 
XBpCftk another by a current of the same power. An 
attempt has recently been made by Mr. A. Smee to 
ledoce the electrical phenomena connected with vitality 
to a more exact system than had hitherto been done. 
We cannot, however, regard the attempt as successful. 
The anihoa* has trusted almost entirely to analogical 
leaaoning, which is in science always dangerous.f In 
liie development of electricity during the operation of 
fte vital force, we see only the phenomena produced 
kjr the action erf any two dissimilar chemical compounds 

Ubdon^ in the liying animal, and we can substitute for it one of 
those prmciples without disturbing the functions of life. 

"Late discoveries have been gradually evincing how far more 
«xfeni8ive than was supposed, even a few years ago, is the domi- 
tkm. of electricity. Magnetism, chemical affinity, and (I believe 
fiNMn the facts stated in the foregoing paper, it will be impossible 
to avoid the conclusion) the nervous influence, the leading power 
in the vital functions of the animal frame, properly so called, appear 
d of them to be modifications of this apparently universal agent ; 
iarl m«¥ add we have already some glimpses of its still more ex- 
tBMhre dominion." 

Eefar to Dr. Beid*s papers. 

♦ Electro physiohgicat Researches : by Signer Carlo Matteucci; 
fbSL Trans. 1845, p. 293, and subsequent years. 

t Electro-Biology: by Alfred Smee, Esq. 
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upon each other. It has been thought that the structure 
of the brain presents an analogy to that of the galvanic 
battery, and the nerves represent the conducting wires. 
Although, however, some of the conditions appear 
similar, there are many which have no representatives 
in either the mechanical structure or the physical 
properties of the brain, so far as we know it. That the 
brain is the centre, the source, and termination of sen- 
sation is very clearly proved by physiological investi- 
gations. That the nerves are the media by which all 
sensation is conveyed to the brain, and also the instru- 
ments by which the will exerts its power over the 
muscles, is equally well established. But to say that we 
have any evidence to support the idea that electricity 
has aught to do directly with these great physiological 
phenomena, would be a bold assertion, betraying a want 
of due caution on the part of the investigator. That 
electric effects are developed during the operations of 
vitality is most certain. Such must be the case, from 
the chemical changes taking place during respiration 
and digestion, and the mechanical movements by which, 
even during external repose, the necessary functions of 
the body are carried on. Whether electricity is the 
cause of these, or an effect arising from them, we need 
not stop to examine, as this is, in the present state of 
our knowledge, a mere specidation. We have no evi- 
dence that electricity is an exciting power, but rather 
that it is one of those forces which tend to establish 
the equilibrium of matter. When disturbed — ^when its 
equilibrium is overset — it does, in its efforts to r^ain 
its stability, produce most remarkable effects. An 
electrical machine must be rubbed to exhibit any force. 
In all galvanic arrangements, even the most simple, 
dissimilar bodies are brought together, and the latent 
electricity of both is disturbed ; and, even in the magnet, 
it is only when this takes place that its electrical powers 
are developed. In the Gymnotus, electricity appears to 
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be dependent npon the power of the will of the animal ; 
but even in this extraordinaxy fish, it is only under pe- 
culiar conditions that the electrical excitement takes 
jdace, and ^^what they inflict, they feeF' during the 
restoration of that equilibrium which is necessary to 
their healthy state. In every case, therefore, we see 
that some power £ar superior to this is the ultimate 
cause; indeed, light and heat, and probably actinism^ 
appear to stand superior to this principle ; and on these^ 
in some combined mode of action, in all probability^ 
sensible electricity is dependent. Beyond even these 
dements, largely as they are engaged in the organic 
and inorganic changes of this world, there are occult 
powers which may never be understood by finite beings. 
We advance step by step &om the most solid to the 
most ethereal of material creations, and we examine a 
aeries of extraordinary effects produced by powers which 
we know not whether to regard as material or imma- 
terial^ so subtile are they. On these, it appears, we 
may exhaust our inductive investigations — ^we may dis« 
cover the laws by which these principles act upon the 
grosser elements, and develope phenomena of a very 
lemarkable kind which have been unobserved or mi6- 
miderstood. Whether light, heat, and electricity are 
modifications of one power, or different powers very 
dosely united in action, is a problem we may possibly 
solve ; but to know what they are, appears to be beyond 
the hopes of science j arid it were idle to dream of 
ducidating the causes hidden beyond these forces, and 
by which they are regulated in all their actions on dead 
or living matter. 

M. Du Bois Raymond, from a series of researches 
lemarkable alike for their difficulty and the deUcacy 
with which they have been pursued, draws the following, 
amongst many others, as lus conclusions as to the cor- 
nection of electricity and vital phenomena. 

The muscles and nerves, including the brain and the 
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spinal chord, are endowed dnring life with an electro- 
motive power, which acts according to a definite law. 

The electromotive power lasts c^'ter death, or in dis- 
sected nerves and muscles after separation £rom the 
body of the animal, as long as the excitability of the 
nervous and muscular fibre ; whether these fibres are 
permitted to die gradually from the cessation of the 
conditions necessary to the support of life, or whether 
they are suddenly deprived of their vital properties by 
heat or chemical action. 

Let us not suppose for a moment that these con- 
clusions indicate in the remotest degree that electricity 
is life, — that vital power is due to electricity. 

During life, with every motion, and, indeed, with 
every emotion, whether we move a muscle or exert the 
mind, there is a change of state. The result of this is 
chemical phenomena, — ^heat and electricity; but these are 
not life. We excite them equally by giving motion to 
a dead mass. 

Notwithstanding the assertions of those who have 
zealously followed the path of Mesmer, and examined^ 
or they have thought so, the psychological eflFects de- 
pendent upon some strange physiological conditions, 
there is not an experiment on record, — ^there is not an 
observation worthy of credit, which shows that elec- 
tricity has any connection with their results. All around 
their subject is uncertainty : doubt involves every 
experiment, and deception clouds a large number. 
Some few grains of truth, and these are sufficiently 
strange, are mixed up in an enormous mass of error. 

All the phenomena of life, — of the vis vita or vitality, 
are beyond human search. All the physical forces, or 
elements, we may examine by the test of experiment : 
but the principle on which sensation depends, the prin- 
ciple even upon which vegetable life depends, cannot 
be tested. Life is infinitely superior to every physical 
force; it holds them aU in control, but is not itself 
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controlled by ihem; it keeps its state sacred from 
human search^ — ^the invisible hidden behind the veil of 
mortality. 

During changes in the electrical conditions of the 
earth and atmosphere^ vegetables give indications of 
being in a peculiar manner influenced by this power. 
It is proved by experiments that the leaves of plants 
are among the best conductors of electricity^ and it 
has hence been inferred that it must necessarily be 
advantageous to vegetation. That vegetable growth 
is, equadly with animal growth, subject to electricity, 
as one of its quickening powers, must be admitted ; 
bat all experiments which have been fairly tried with 
ike view of stimulating the growth of plants by its 
agency^ have given results of a negative character.*^ 
That a galvanic arrangement may produce chemical 
changes in the soil, which may be advantageous to the 
plant, is probable; but that a plant can be brought to 
maturity sooner, or be made to develope itself more 
eompletely, under the direct action of electrical exci- 
tatkni, appears to be one of those dreams of science 
vfaich will have a place amongst the marvels of alchemy 
and the fictions of astrology. An attentive examination 
of all the conditions necessary for the satisfactory de- 
vdopment of the plant, will render it evident, that 
although the ordinary electrical state of the earth and 
atmosphere must influence the processes of germination 
aad v^etable growth, yet that any additional excitement 
most be destructive to them. The wonders wrought by 
dectrical power are marvellous; a magic influence is 

* Observations of Electric Currents in Vegetable Structures : by 
Qolding Bird, Esq., F.L.S.; Magazine of Natural History, vol. x. 
p. 240. In this paper Dr. Bird remarks that his experiments lead 
to the conclusion that vegetables cannot become so charged with 
electricity as to afford a spark ; that electrical currents of feeble 
tension are always circulating in vegetable tissues; and that elec- 
triwd currents are developed during germination from chemical 
action. 
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exerted by it, and naturally the inquiring mind is led 
at first to believe that electricity is the all-powerful 
principle of creation ; but a little reflection mil serve 
to convince us that it is a subordinate agent, although 
a powerful one. 

In proceeding with our examination of the phe- 
nomena which present themselves in connection with 
the terrestrial currents, we purposely - separate mag- 
netism from those more distinct electro-chemical agen- 
cies which play so important a part in the great cosimeal 
operations. 

Electricity, we have already stated, flows through or 
involves all bodies ; but, like heat, it appears to undei^ 
a very remarkable change in becoming associated with 
some forms of matter. We have the phenomena of 
magnetism when an electric current circulates through 
a metallic wire, and it would appear that all other bod^ 
acquire a pecuUar polar condition under the influence of 
this principle, which will be explained in the next chapter. 

The rocks, taken as masses, will not conduct an 
electric current when dry : granite, porphyry, slate, and 
iinaestone, obstructing its passage even through the 
smallest spaces. But all the metallic formations admit 
of its circulating with great jfreedom. This fact it must^ 
however, be remembered does not in any way interfere 
mth the hypothesis of the existence of electricity in all 
bodies, in what we must regard as its latent state, from 
which, under prescribed conditions, it may be readily 
liberated. Neither does it affect the question of circu- 
lation, in relation to the great diflusion of electricity 
which we suppose to exist through all nature, and to 
move in obedience to some fixed law. We know that 
through the superficial strata electric currents circulate 
freely, whether they are composed of clay, sand, or any 
mixture of these with decomposed organic matter; 
indeed, that with any substance in a moist state they 
suffer no interruption. 
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The electricity of mineral veins has attracted much 
attention^ and numerous investigations into the pheno- 
mena which these metalliferous formations present^ have 
been made firom time to time.* 

By inserting into the mass of a copper lode, or vein^ in 
oka, a metallic wire^ which shall be connected with a mea- 
surer of galvanic action, a wire also firom the instrument 
being brought into contactwithanother/ode^an immediate 
effect is generally produced, showing that a current is 
traversing through the wires firom one lode to the other, 
and completing the circulation probably over the dark 
&oe of tiie rock in which the fissures forming the 
mineral veins exist.t The currents thus detected are 
often sufficiently active to deflect a magnetic needle 
pow e rf u lly, to produce, slowly, electro-chemical decom- 
poiitionj and to render a bar of iron magnetic. These 
cmrents must not be confounded with the great 
dectrical movements around the earth. They are 
onfy to be detected in those mineral formations in which 
there is evidence of chemical action going on, and, the 
greater the amount of this chemical operation, the more 
energetic are the electrical currents, j: We have, how- 

♦ 0« Mmeral Vehs: by Robert Were Fox, Esq. ; Fourth Be- 
port of the Boyal Cornwall Polytechnic Society. On the Electro- 
wagutHe Properties qf Metalliferous Veins in the mines of Cornwall : 
by Robert W. Fox, Eso. ; Phil. Trans. 18:30, p. 099. 

t Btperimakts' and Observations on the Electricity of Mineral 
Vm$ : by Robert Hunt and John Phillips ; Reports of the Royal 
GomwaU Polytechnic Society for 1841 12. On the Electricity of 
Mineral Veins: by Mr. John Arthur Phillips ; Ibid., 1843. 

I In the lead lodes of Lagylas and Frongoch, electrical currents 
were detected by Mr. Fox, but none in those of South Mold and 
IfiJbr, in Flintshire : Cornwall Geological Transactions, vol. iv. 
In the lead veins of Coldberry and Skeers^ in Teasdale, Durliam, 
file currents detected were very feeble : Reports of the Bristol As- 
•oeiation, 1838. Von Strombeck could detect no electric currents 
in the veins worked in the clay slate near Saint Goar, on the 
Rhine : Archiv. fur Mineralogie. Geognosie, &c., von Dr. C. J. B 
KaiBten, 1833. Professor Reich, however, obtained very decided 
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ever, yery good evidence that these local currents have, 
of diemselTes, many peculiar influences. It not nnfire- 
qnently happens that owing to some great disturbance 
of the crust of the earthy a mineral vein is dislocated, 
and cfne part either sinks below^ or is lifted above its 
original position ; the fissures formed betwe^i tiie two 
bemg usually filled in with clay or with crystalline 
masses of more recent fi^rmation than the fissure itseUl 
It is firequently found^ titat these *' croM courses/* as 
they are called in mining language, contain ofes dP m 
diffident character from those which constitute tiie 
mineral vein ; for instance, in them nickel, cobalt, and 
silver are not un&equently discovered. When iSiese 
metals are so found, they almost invariably ooenr be- 
tween the ^ids of the dislocated lode, and often take a 
curvilinear direction, as if they were deposited akng a 
line of electrical force.* 

In the laboratory such an arrangem^it has been 
imitated, and in a mass of clay fixed between the gal- 
vanic plates, after a short period a distinct fonnatum of 
a mineral vein has taken place.f By the action^ too, of 
weak electrical currents, Becquerel, Crosse, and others, 
have been successful in imitating nature so far as to 
produce crystals of quartz and other minerals. In addi- 
tion to this evidence, in support of the electrical theoij 

results at Frisch GUlek, Neue Hofnum/g, G»ttlob^ and in other mi- 
neral veins in tbe mining districts ot' Saxony : Edinborgh New 
Philosophical Journal, vol. xxviii. 1839. The irregularities are all 
to be explained by the presence or absence of chemical excitation. 

* This was remarkably the case at Huel Spamon, near Redruth, 
where the cobalt was discovered betweed two portions of a dido- 
cated lode ; and the same was observed by Mr. Percival Johnsoa 
in a small mine worked for nickel, near St. Austell. 

\ On the process used for obtaining artijiciel veins inelaf'. Xtj 
T. B. Jordan ; Sixth Annual Report of the Royal Cornwall Poly- 
technic Society. See also my memoir, already referred to, in tho 
Memoirs of the Geological Survey and Museum of PracticiEk] Geo- 
logy* "voL i. 
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e (»igm of nuneral vein8^ it can be experimentally 
n ihat a sdbistoee rtructore may be given to clays 
micMxme by Toltaie action.* 
leve is cften a very ronarkable regnlaiity in the 
tion of mineral veins: tfaroughont Cc»*nwall^ for 
nee, tkey most commonly have a bearing from the 
f N, to ibe W. of S. It has hence been inferred 
ilktf observe some relation to ihe magnetic poles of 
Mrth. However this may be^ it is certain that the 
a any lodes which are in a direction at right angles^ 
Hody 80^ to this main line^ diff^s in chamcter from 
fofmAiniheae, so called^ east and west lobes.t 
le sources of diemical actioa in the eardi are mune- 
Water percolating through the scol^ and finding 
■y to great depths tbnmgh fissures in the roc^s^ 
Bi witii it oxygen and various salts in solution. 
9 again rinng team below, whether infiltoited ftam 
loean or derived from other souixses, is usually of a 
tenperatuie, and it always contains a large quan- 
3f Mliiie matter.j: By these causes alone ohemical 

lee Beeqnerel, Traiti Experimenttdde VElectricitiy Sfv. Elee- 
Ewperiments on the formation of Artificial Crystals : by 
nr Crosse, £8q. ; British Association Eepc^rts, vol. v., 1836. 
■minatioa of clay and other substances is described in my 
nr refecred to, Note p. 226. 

Ic^rt «n the Geology of Cornwall, Devon, and West Somer- 
y Sir Hj^ry T. De la Beche : Tkeopetieal observations on the 
akm amd filling of Mineral Veins and Comaun FmuJts, p. 349. 
Che following analyses of watei*s from deep mines were made 
e in 1840, and, with many others, published in the Reports of 
loyal Conawall Polytechnic Society. 
Consolidated Mines, Gwennap, 

Cornwall. In 1,000 grains of water. 

Muriate of soda . . . .1*5 



^Iphate of lime .. 
Sulphate of iron . 
Sulphate of copper 
Silica 
Alumina 



•5 
•15 

•15 
•3 



Total 3-7 
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action must be set up. Chemical change cannot take 
place without a development of electricity : and it has 
been proved that the quantity of electricity required for 
the production of any change is equal to that contained 
in the substances imdergoing such change. Thus a 
constant activity is maintained within the caverns of the 
rock by the agency of the chemical and electrical 
elements^ and mutations on a scale of great grandeur 
are constantly taking place under some directive force. 

The mysterious gnome, labouring — ever labouring — 
in the formation of metals, and the mischievous Cobalu3 
of the mine, are the poor creations of superstition. A 
vague fear is spread amongst great masses of mankind 
relative to the condition of the dark recesses of the 
earth ; a certain unacknowledged awe is experienced bjr 
many on entering a cavern, or descendiQg a mine : not 
the natural fear arising from the peculiarity of the dtd- 
ation, but the result of a superstitious dread, the e£fect 
of a depraved education, by which they have been taught 
to refer everything a little beyond their immediate coniii- 
prehension to supernatural causes. The spirit of demon 



United Mines, Gwennap. 


In 1,000 grains of water. 


Muriate of soda . 


. 110 


Muriate of lime 


•15 


Sulphate of soda . 


•50 


Sulphate of lime . 


, . . 1-5 


Sulphate of iron 


•75 


Alumina 


•5 


Silica . 


•15 


Total . 


. 4-65 


Great St. George. 




Muriate of soda 


. 1-35 


Sulphate of lime . 
Carbonate of iron . 


•74 


•70 


Alumina 


•50 


Carbonate of lime 


•10 



Total , . . ;i-4 
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>rsldp, as well as that of hero worship^ has passed 
)in the early ages down to the present ; and under its 
ftuence the genii of the East and the demons of the 
eat have preserved their traditionary powers. 
Fiction has employed itself with the utmost Ucense in 
ring glowing pictures of treasures hidden in the earth^s 
cesses. The caverns of Chilminar^ the cave of Alad- 
n, the abodes of the spirits of the Hartz, and the 
veilings of the fairies of England^ are gem-bespangled 
id gold-glistening vaults^ to which man has never 
ached. The pictures are pleasing ; but although they 
,ve the elements of poetry in them, and delight the 
ling mind, they want the sterling character of scien- 
ic truth ; and the wonderful researches of the plod* 
Qg mineralogist have developed more beauty in the 
vems of the dark rock than ever fancy painted in her 
npiest moments. 

m all probability the action of the sun's rays upon 
le earth's suiface, producing a constantly varying differ- 
Kse of temperature, and also the temperature which 
IS been observed as existing at great depths, give rise 
> thermo-electrical currents, which may play an impor- 
int part in the results thus briefly described. 

In connection with these great natural operations, ex- 
iaining them, and being also, to some extent, exphoned 
y them, we have the very beautiful appUcation of elec- 
ridty to the deposition of metals, called the Electrotype. 

Applying the views we have adopted to this beaut^M 
liacovery,* the whole process by which these metallic 
leposits are produced will be yet more clearly under- 
teod. By the agency of the electric fluid, liberated 

* The discovery of the electrotype has been disputed, as all valu- 
ble discoveries are. Without, however, at all disparaging the 
lerits of what had been done by ^fr. Jordan, I am satisfied, after 
le most careful search, that the first person who really employed 
lectro-chemical action for the precipitation of metals in an orna- 
mental form, was Mr. Spencer, of laverpool. 



230 MA6NETO-ELECTKICAL BECOMPOSITION. 

in the galvanic battery^ a disturbance of the dectridfr 
of the splntian of copper^ silyer^ or gold^ ia produee^ 
and the metal is deposited; but, inst^Ml of aDowing the 
add in combination to escape^ it has presented to ii • 
some of the same metal as that reviyed^ and, emae- 
qnently^ it combines with it^ and this oompomidy haag 
dissolved^ maintains the strength of the soluticm.* A 
sj^em of reyival^ or decompositi(»t> is carried on at one 
pole, and one of abrasion, or more correctly speakjii^ nf 
composition and solution, at tl^ other. By takii; 
adyantage of this very extraordinary power of electriakf, 
we now form vessels for ornament or use, we giU cr 
silver all kinds of utensils, and give the imperiahabiK^ 
of metal to ihe most delieate productions of nature— 
her fruits^ her flowers, and her insects; — and overfly 
finest labours of the loom we may throw coatings otmiA 
or silver to add to their elegance and durability. Nor 
need we employ the somewhat complex arrangements 
the battery : we may take the stc^ magnet, and| kf 
mechanicsdly disturbing the electricity it contains, m 
can produce a current through copper wires, which mqr 
be vmeA, and is extensively employed, for gilding aaB 
silvering.f The earth itself may be made the bafetfly^ 
and, by connecting wires with* its mineral deposits, cur- 
rents of electricity have been secured, and insed tor Ae 
production oi electrotype deposit. J 

* See Spencer, Instructions for the MultipKeation pf wmk» nf 
Art in Metal by Voltaic Electricity, Novelties in Bxpermenid 
Seieftce: Griffin, Gla^ow Elements of Electro-Metattmyy: Ij* 
Alfred Smee, Esq. 

f The magneto-electrical machine is employed in Birminghai 
for this purpose ; but I am informed by Messrs. Elkington that 
they do not find it economical, or rather that the electro-pred|itt* 
fion is carried on too slowly. 

I This has been done by Mr. Robert Were Fox, at a mine neir 
Falmouth. By connecting two copper wires with two lodes, and 
hnnipng them, at the surface, into a cell containing a solution of 
sulphate of copper, this gentleman obtained an electrotype copy of 
an engraved copper-plate. 
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The eleeCrotype ia but one of ike applications o£ 
efectrkity to tibe uses of man. This agent has been 
eofiayea m the carrier of thought; and with infinite 
t$pditj, meuageaof importance, eommnnications in- 
ratfing life^ and intelligences outstripping the speed of 
xmaarcl erime^ hare been communicated. There will be 
iQ difiBenlty in undcratandfng the pcmc^e of this, 
ilihoiii^ many of the nice mediamc^ arrangements, to 
aume fveciBioB^ are of a somewhat elaborate character. 
Ehe entire aetion depends on the deflection of a com- 
xuH-needle by the passage of an electric current along 
ifai lengdi. If at a giren point we place a galvanic bat- 
TOty, and at twenty or one hundred miles distance £rom 
± & eompaae^needle, between a wire brought from, and 
Butlier retnmmg to the battery, the needle will remain 
brae to its pohur direction so long as the wires are un- 
'[; bnt the moment connection is made, and the 
ia complete, the electricity of the whde extent of 
\ disturbed, and the needle is thrown at right 
to the directicm of the current. Provided a con- 
between two points eaa be secured, however 
they' are firom eadi oth^, we thus, almost 
ioitKBtuieoiisfy, convey any intelligence. The effects 
of aa ekctric current woiQd appear at a distance c^ 
57fi,0OO miles in a second <^ time; and to that dis- 
bmee, and with that speed, it is pos»ble, by Professor 
Wheatstone^s beautiful arrangements, to convey whiqi^rs 
of lore or messages of destruction. 
The rafdianted horse of the Arabian magician, the 
csrpet of the German sorcerer, were poor oontri- 
eompored with the copper wires of the elec- 
by which all the diffici:dties of time and the 
of space appear to be overcome. In the Scandi- 
sythology we find certain spiritual powers of 
Sill enabled to pan with imperceptiUe speed from one 
lemote ponit to another, sawing the seeds of a common 
amoDgsi mankind. Sndi is the morbid creation of 
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a wild yet higUy endowed imagination. The spirit of 
evil diffuses itsefi" in a remarkable manner^ and, indeed, 
we might almost assign to it the power of ubiquity; 
but in reality its advance is progressive, and time enters 
as an element into any calculation on its difPiision. 
Electricity is instantaneous in action; as a spirit of 
peace and good-will it can overtake the spirit of evil, 
and divert it from its designs. May we not hope that 
the electrical telegraph, making, as it must do, the whole 
of the civilized world enter into a commimion of thought, 
and, through thought, of feeling with each other, will 
bind us up in one common brotheriiood, and that, 
instead of misunderstanding and of misinterpreting the 
desires and the designs of each other, we shall learn to 
know that such things as "natural enemies*' do not 
exist? To hope to break down the great barrier of 
language is perhaps too much ; but assuredly we may 
hope that, as we must do when closer and more intimate 
relations are secured by the aids of science, the barrier 
of prejudice may be razed to the groimd, and not one 
stone left to stand upon another? Our contentions, 
our sanguinary wars, consecrated to history by the bap- 
tism of blood, have in every, or in nearly every, instance 
sprung from the force of prejudice, or the mistakes of 
politicians, whose minds were narrowed to the limits of 
a convention formed for perpetuating the reign of 
ignorance. 

And can anything be more in accordance with the 
spirit of all that we revere as holy, than the idea that 
the elements employed by the All Infinite in the works 
of physical creation shall be made, even in the hands of 
man, the ministering angels to the great moral re* 
demption of the world ? Associate the distant nations 
of the earth, and they will find some comimon ground 
on which they may unite. Mortality compels a de- 
pendence ; and there are charities which spring up alike 
in the breast of the savage and the civilized man, whicb- 



[ 



ELECTRICAL CLOCK. 233 

will not be controlled by the cold usages of pride, but 
which, like all truths, though in a still small voice, 
speak more forcibly to the heart than errors can, and 
serve as links in the great chain which must bind man- 
kind in a common brotherhood. '^ None are all evil,^' 
and the best have much to learn of the amenities of 
life firom him who yet Uves in a ^^ state of nature,^' or 
rather from him whose sensualities have prevailed over 
Ms intellectual powers, but who still preserves many 
of the noblest instincts, to give them no higher term, 
which other races, proud of their intelligence, have 
thrown aside. Time and space have hitherto prevented 
the accomplishment of this ; electricity and mechanics 
promise to subdue both ; and we have every reason to 
nope those powers are destined to accelerate the union 
of the vast human family. 

Electrical power has also been employed for the pur- 
jpoee of measuring time, and by its means a great number 
ci clocks can be kept in a state of uniform correctness, 
which no other arrangement can eflEect. A batteiy being 
xmited with the chief clock, which is itself connected by 
wires with any number of clocks arranged at a distance 
firom each other, has the current continually and regu- 
larly interrupted by the beating of the pendulum, which 
intmruption is experienced by all the clocks included 
in the electric circuit; and, in accordance with this 
breaking and making contact, the indicators or hands 
move over the dial with a constantly uniform rate. 
Instead of a battery the earth itself has suppUed the 
stream of electric fluid, with which the rate of its reto- 
lutions has been registered with the utmost fidelity.* 

Electricity, which is now employed to register the 
march of time, rushes far in advance of the sage who 
^ralks with measured tread, watching the falling sands 
in the hour-glass. 

* This has been most effectually accomplished by Mr. fiain. 
Mr. Hobson has had an electric clock, thus excited, in action for 
several years. 
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The earth id spanned and the ocean pierced by 
the wires cd the electrie telegraj^ Akeady^ from 
the banks of the Thames to the sh(»rea of the 
Adriatic^ our electric messenger wiU do our bidding. 
The tdegraph is making its way throi:^h Italy^ aiKl 
it is dipping its wires in the Mediterranean^ soon to 
reach the coast of Africa. They will th^i run along 
the African shores to Egypt and Turk^^ and still on- 
ward until th^ unite with the telegraphs o£ India^ ctf 
whidi three thousand miles are in progress. From 
Hindostan these wondrous wires will run from island to 
laiaDd in the Indian Archipelago^ and thu& cscmnect 
Australia and New Zealand widi Europe. 

In afew years wemay expect to hare an instantani^us 
report in London of the extraordinary '^nugget*' dis- 
covered by some fortimate gold-di^^r; and the exile 
from his native land in the Islands of the Soi^ Pacific 
Ocean, may learn every hour^ if he will^ of the doh^ 
of his family and friends in some village home of 
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CHAPTER X. 

MAGITBTISH. 

Magnetie Irort — ^Knowledge of, by the Ancients — ^Artificial 
Magnets — Electro Magnets — Electro-Magnetism — Magneto- 
Eleetridty — Theories of Magnetism— The Magnetic fower 
of s(^ Iron and Steel — ^Inflaence of Heat on Magnetism — 
Terrestrial Magnetism— -Becliuation of the Compass-needle 
— Yariation of the Earth's Magnetism — Magnetic Poles — 
Hmsleaii's Speettlations-- Monthly and Diurnal VariatioB — 
Dip and Intensity — ^Thermo-Magnetism — Amrora BoreaHs 
— Magnetio Storms— Magnetie conditions of Matter — ^Dia- 
MagnfttiBmy &c*, 

AfiBSSABLT with the view now goieraUy received, that 
nu^rtigm and electricity are but modifications of one 
fivce, since they are found to stand to each other in the 
lelatum of cause and efPect, the separation which is here 
adopted, of the consideration of their several phenomena,. 
may appear inappropriate. The importance, however, 
of all that is connected with magnetism^ and the very 
decided difference which is presented by true magnetic 
aetioD, and that of Motional or chemical electricity, is 
10 great that it has been thought advantageous to adopt 
file present arrangement in reviewing the influence of 
teneatrial magnetism with which science has made us 
ao^nainted. 

From a very early period a peculiar attractive force- 
liaa been observed in some specimens of iron ore. 
Kaaaca of this kind were found in Magnesia^ and from 
that locality we derive the name given to iron in its 
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polar condition. This is confirmed by the following 
lines by Lucretius : — 

Quod superest agere incipiam, quo foedere fiat 
Natura lapis hie ut ferrum ducere possit, 
Quern magneta vpcant patrio de nomine Graii 
Magnetum, bula'sit patriis in finibus ortus. 

Again we find Pliny employing the term magnetic, to 
express this singular power. It was known to the 
ancients that the magnetic power of iron, and the 
electric property of amber, were not of the same 
character, but they were both alike regarded as miiracu- 
lous. The Chinese and Arabians seem to have known 
Magnetism atapdHod long before that at whichEuropeans 
became acquainted with either the natural loadstone or 
the artificial magnet. Previously to a.d. 121, the 
magnet is distinctly mentioned in a Chinese dictionary; 
and in a.d. 419 it is stated in another of their books 
that ships were steered south by it.* 

The earliest popularly received account of its use in 
Europe is, that Vasco de Gama employed a compass in 
1427, when that really adventurous na>igator first ex- 
plored the Indian seas. It is highly probable, however, 
that the knowledge of its important use was derived 
from some of the Oriental nations at a much earlier 
period. 

We have some curious descriptions of the leading 
stone or loadstone, in the works of an Icelandic 
historian, who wrote in 1068. The mariner's compass 
is described in a French poem of the date of 1181 ; and 
from Torfaeus's History of Norway, it appears to have 
been known to the northern nations certainly in 1266. 

* Treatise on Magnetism, by Sir David Brewster. Cosmos : a 
Sketch of a Physical description of the Universe ; by Alexander 
Von Humboldt— Otte's Translation. 
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We have not to deal with the history of magnetic 
discovery, but so far as it tells of the strange pro- 
perties which magnets are found to possess, and the 
application of t}ns knowledge to the elucidation of 
effects occurring in nature. 

A brown stone, in no respect presenting anything by 
which it shall be distinguished from other rude stones 
around it, is found, upon close examination, to possess the 
power of drawing li^ht particles of iron towards it. If 
this stone is placed upon a table, and iron filings are 
thrown lightly around it, we discover that these filings 
arrange themselves in symmetric curves, proceeding 
firom some one point of the mass to some other ; and 

rL examining into this, we shaU find that the iron 
h has once clung to the one point will be rejected 
Inr the other. If this stone is freely suspend^, we 
aaall learn also that it always comes to rest in a certain 
position, — this position being determined by these 
points, and some attractive force residing in the earth 
itself. These points we call its poles ; and it is now 
tttabliahed that this rude stone is but a small represen- 
tatiye of our planet. Both are magnetic : both are so 
in virtue of the circulation of currents of electricity, or 
of linea of magnetic force, as seen in the curves formed 
by the iron dust, and the north pole of the one attracts 
the south pole of the other, and the contrary. By a 
ednfusion of terms we speak of the north pole of a com- 
pass-needle, meaning that point which is always oppo- 
lite to the north pole of the earth : the truth being that 
fte pole of the compass-needle, which is so forcibly 
drawn to the north, is a point in a contrary state, or, as 
ire may express it, really a south pole. 

There is a power of a pecuUar kind, difiering from 
gravitation, or any other attracting or aggregating force 
with which we are acquainted, which exists permanently 
in the magnetic iron stones, and also in the earth. 
What is this power? 
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Magnetism may be produced in any bar of steel, 
either by rubbing it witib a loadstone^ or by placing it in 
a certain position in relation to the magnetic cnrrmtBof 
the earth, and^ by a blow or any oth^ means^ distmimig 
its molecular arrangement. This princi|de appears to 
involve the iron as with an atmosphere, and to inter- 
penetrate it. By one magnet we may induoe magnetism 
in any number of iron bars ^dlhoot its losdng any of its 
original {orce. As we have observed of the electrical 
forces already considered, the magnet ecmstantly presents 
two points in which ihesre is a (Hffien^Lce manifested fay 
liie drcnmstanoe that they are always drawn widi con- 
siderable power towards the north or soudi poles of Omr 
eardu That this power is of the same duunicter as die 
electricity whidi we have been considmi^, is bow mort 
satisfiitctimly proved. By involving a bar oi soft iron 
which, being without any magnetic power, is iacapaUb 
€i sustaining even an ounce wei^bt^ widi a oral «f 
co[^r wire, dirough which a galvanic current is -p^suam^ 
the bar will receive, by induction :firom the current, wm 
onormous accession of power^ and will, so Icmg as ^Ae 
current flows around it, sustain many hundred pounds 
weighty whidi, the moment the current is chedted, fidl 
away from it in obedience to the law of gravity. Thus 
the mere flow of this invisible agent around a mass of 
metal possessing no magneto^ttractive power, at once 
imparts this life-like influence to it, and as long as the 
current is maintained, the iron is endowed with this 
surprising energy. 

This discovery, which we owe to the genius of 
Oersted, and which has^ indeed, giv^a rise to a nefw 
science^ electro-magnetism, may be regarded as one of 
the most important additions made to our knowledge. 

Current electricity is magnetic ; iron is not neeesnry 
to the production of magnetic phenomena, although 1^ 
its presence we secure a greats amount of power. The 
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copper wires whdch oomplete the circuit of a galvanic 
battery^ will attract andliold up large quantities of iron 
filings^ azid tiie wires of the electric telegraph will do 
the «aiiiey while any signal is being conveyed aloi^ 
tikem. Again^ all the phenomena common to galvanic 
dectricity can be produced by merely disturbing the 
power permanently secured in the ordinary magnet 
It WHS thought Hud; magnets would become weakened 
W this constant disturbance of their magnetism; but^ 
snoe its ap^caticm to the purpose of manufacture, and 
nuigneto-'dectrii^ty has been employed in electro-platings 
it has been found that continued action for many 
years^ during which enormous quantities of electricity 
lunre been tiius givai out and employed in producing 
diemical decomposition^ has not, in the slightest degree, 
abepod their powers. Thus a small bar cf metal i^ 
dowB to be capable of pouring out, for any number of 
ymn, tiie principle upon wUdbi the phenomena of mag- 
ndisin d£pend. 

There aic^ however, differences, and striking imes, 
between ordinary and magnetic electricity^ In the 
ongnet we have a power at rest, and in the electrical 
nachinff or galvanic battery, a power in motion. 
Oldauury decbidty is stopped in its passage hy a ^ate 
at glMs, <^ resin, mi many other sul^tances ; but mag- 
netism passes these with freedom, and influences mag- 
nelie iMidies placed on the other side. It would appear, 
though we cannot explain how, that magnetism is due 
to some lateral influence of the electric currents. A 
sagaetic bar is placed CFver a copper wire, and it hangs 
tedifyin the direction of its lei^th; an electric current 
it pawed along it, and the magnet is at cmce driven to 
pace itKlf across the wire. Upon this experiment, in 
the main. Ampere founds his tiwoxj of tenestrial mag- 
petism. He supposes electrical currents to be travers- 
ing our globe from east to west, and thus, that the 
needle takes its direction, not from the terrestrial action 
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of any fixed magnetic poles, *but from the repulsion of 
these currents, as is the case with the wire. 

It has been found that wires, freely suspended, along 
which currents were passing in opposite directions, 
revolve about each other, or have an inclination to 
place themselves at right angles ; thus exhibiting the 
same phenomenon as the magnet and the conducting 
wire. So far the hypothesis of Ampere leads us most 
satisfactorily. We see in the magnet one form of 
electricity, and in the machine or battery anolJier. But 
why should not the electricity of the magnet, electricity 
at rest, exhibit the same powers as this force in 
motion? 

Oersted, whose theory led him to the discovery of the 
fact of the magnetic power of an electric ciurent, of the 
establishment indeed of the new science — ^Electro* 
Magnetism, regards the phenomena of a current passing 
a wire, and its action on a needle, as evidence of two 
flidds, positive and negative, traversing in opposite 
directions, and mutually attracting and repelling. He 
conceives that they pass the wires in a series of spirals ; 
that in the magnet, by some peculiar property of the 
iron, this conflict of the currents is reduced to an equili- 
brium, and its power becomes manifested in its attraddve 
force.* This does not, however, convey a clear idea to 
the mind. 

It is curious that iron becomes magnetic in a superior 
degree to any other metal ; that steel retains perma- 
nently any magnetism imparted to it; but that soft 
iron rapidly loses its magnetic power. This must be in 
virtue of some peculiar arrangement of the molecules, 
or some unknown physical condition of the atoms of the 
mass, by which a continued influence is retained by the 
steel, probably in a state of constant internal circulation. 

• ExpSrience Eleetro-MagnStique . par M. Oersted. — Annalea 
de Chimie, vol. xxii. p. :*01. De la Rive, Recherches sur la Distri- 
bution de r Electricity dyn. dans les Corps. — Geneve, 1820. 
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It has, however, been shown that soft iron^ under 
certain curcnmstances^ may be made to retain a hurge 
smoimt of magnetic force^'i^ 

If a hoBTse-shoe shaped bar of sofb iron is rendered 
magnetic hjr the circulation of an electric current around 
it, while its two ends are united by an armature of soft 
iron^ so that it is capable of supporting many hundred 
pounds weight ; and we then^ by breaking the circuity 
stop the current, taking care the armature is kept in 
contact, the iron will not lose its magnetic property^ 
but will retain this power for many years. If the con- 
necting piece of iron^ the armature^ is removed^ the bai^ 
immediatdy loses all its magnetism^ and will not support 
efen the armature itself. This fact appears to confirm 
tlie idea that magnetism is due to the retention of 
dMtricity^ and that steel possesses the property o£ 
eqpalixing the opposing forces, or of bindii^ this 
principle to itself like an atmosphere. 

The influence of heat on magnetism is so remarkable 
a proof of the dependence of tlm power upon molecular 
anrangement^ that it must not escape our notice. To 
adect but one of many experiments by Mr. Barlow^ it 
was found that in a bar of malleable iron^ in which^ 
when cold, ibe magnetic effect was + 30P 0^ all polarity 
fCMjccI at a white heat^ that it was scarcely appreciable 
at a red heat, but that at a blood-red heat it was equal 
to + 41° O'.t 

Ibe more closely we examine the peculiarities of the 
nagiietic power, and particularly as th^ are presented 
to UB in its terrestrial action^ the more surprising wiU 
its BnflTiAnr*ft appear to be. We haye discoyered a 

♦ Cm ^Mmgneiic pomer of Soft Inm: by Mr. Watkins.— 
ftloMfbical TiansMtioBS, 1833. 

f Cbmrallo, Om Meputigm, — Cavallo was the first who noticed 
fttikiflneBGeof heat on Magnetism. GonsuH On the anomdUms 
iftfiitfiLi AeHm qf Hat Iron between the uhiU and blood^red heat : 
WBrtsr Bariow, Esq.— Philoeophical Transactions, 1822, p. 124. 
AMlMt onUT "' ii : b J Barlow.— £neyelop»dia Metropolitana 
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natural cause which certainly exercises a yery remark- 
able power over matter^ and we have advanced so for in 
our investigations as to have learnt the secret of conTert- 
ing one form of force into another^ or of giving to a 
principle^ produced by one agency, a new chuBCter 
under new conditions ; of chimging, in fact, electricity 
into magnetism, and from magnetism again eyol^iBg 
many of the effects of electrical currents. 

If a magnetic bar is freely suspended above the 
earth, it tsd^es, in virtue of some terrestrial poweTi t 
given direction, which is an indication of the eartii'i 
magnetic force. Whether this is the consequence of 
the currents of electricity, which Ampere supposes to 
circulate around the globe, from east to west, or ibe 
result of points of attraction in the earth itadU^ tibe 
phenomenon is equally wonderful. To whatever came 
we may refer the visible effects, it appears certain tint 
this earth is composed of particles in a magnetic stated 
the character varying with physical conditions, and tint 
terrestrial magnetic force is the collective action of aD 
the atoms of this planetary mass.* 

* ** The foundation of our researches is the assumption diatfte 
terrestrial magnetic force is the collective action of all the magne- 
tised particles of the earth^s mass. We represent to ouraelveB tbt^ 
netisation as the separation of the magnetic fluids. AdmittiQf 
the representation, the mode of action of the fluids (repulsion u 
' similar, and attraction of dissimilar, particles inversely as tie 
square of the distance) belongs to the number of established 
truths. No alteration in the results would he caused by cbaogutf 
this mode of representation for tliat of Ampere, whereby, iiistaal 
of magnetic fluids, magnetism is held to consist in constant cd* 
vanic currents in the minutest particles of bodies. Nor wodwit 
occasion a diflerence if the terrestrial magnetism were asoribedte 
a mixed origin, as proceeding partly from the separation oi tbe 
magnetic fluids in the earth, and partly from galvanic euimi^ 
in the same; inasmuch as it is known that &r each 
current may he substituted such a given distribution of i 
netic fluids in a surface bounded by the current, as would < 
in each point of external space precisely the same magnetb i 
as would be produced by the galvanic current iWelt" — Qtmrd 
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The remarkable connexioii which has been observed 
between the changes in the physical condition of the 
sor&ce of the sun and terrestrial phenomena^ must not 
escape our notice. Sir William Herschel thought he 
perceived a link connecting the dark spots on the sun's 
Boe with the variations of the earth's temperature. 
This has not, however, been confirmed by the observA- 
tiona which have been made since the time of Herschel. 
The careful examinations of the solar spots which have 
been made by Schwabe,* prove a well-defined order of 
(TOgress in them. He has discovered that they move in 
Cfdea of ten years — ^firom the smallest number visible in 
a given year, they regularly increase for five years, 
when they reach their maximum; they then as regularly 
decrease, and at the end of another five years they are 
ifc their maximum number. The magnetic observation? 
which have been carried on by the British and othei 
govemments for some years, over every part of the 
world, have elicited the fact that the order of variation 
in the earth's magnetic intensity is in cycles of ten 
yean, and the law of increase and decrease which is found 
to prevail with the solar spots distinctly marks the varia- 
tioofl of terrestrial magnetism. Few more interesting 
fMSts than this are within the range of our knowledge, 
proving as it does the direct dependence of terrestnal 
phenomena on solar force. 

The constancy with which a magnetised needle points 
dong a certain line which varies a Uttle from the eartVs 
txial line, renders it one of the most important instru- 
aoits to the practical and the scientific man. The 
wanderer of the ocean or of the desert is enabled, 
without fear of error, to pursue his path, and in un- 
known regions to determine the azimuth of objects. 

IVory qf Termtrial Magnetism^ by Professor Carl Friedrich 
Omus, of the University of Gottingen. — Scientific Memoirs, 
«oL ii. p. IB8. 
' Humboldt's Cosmos.^Oiik's translation. 
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The miner or the surveyor finds in the magnetic com-^ 
pass the surest guide in his labours^ and the expeanmeot 
IS for eyer studying its indicaticHis. 

" True as the needle to the pole,'' 

has passed into a proverb among mankind, but the 
searching inquiry of modem observers has shown that 
the expression is correct only with certain limitaticHis. 
There are two lines on the surface of the earth along 
which the needle points true north, or where the mag* 
netic and the gec^raphical north correspond. These 
are called lines of no variation, or, as they have abo 
been designated, agonie Hnes, and one is found in the 
eastern and the other in the western hemisphere* Tbe 
American line is singularly r^ular, passing in a sootii- 
east direction £rom the latitude &f to the west of Hud** 
son^s Bay, across the American lakes, tiU it readies the 
South Atlantic ocean, and cuts the meridian of GreeD- 
wich hi about 65° south latitude. The Asiatic line cT 
no variation is very irregular, owing, without doubt, to* 
local interferences ; it b^ins below New Holland, in 
latitude 60° south, it bends westward across the Indian 
ocean, and from Bombay has an inflection eastward 
through China, and then northward across the sea of 
Japan, till it reaches the latitude of 71° north, when it 
descends again southward, with an immense semicircolar 
bend, which terminates in the White Sea. 

Hansteen has thought that there are two points in 
each hemisphere which may be regarded as stronger 
and weaker poles on opposite sides of the poles of revo- 
lution* These are caUed the magnetic poles of tiie 
earth, or by Hansteen magnetic points of eonvtrgenee. 
T^ese four points, are cosisidered to have a r^uhr 
motion round the globe, the two northern ones from 
west to east, and tbe two southern ones &om east to 
west. By the assistance of recorded observations^ 
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Hansteen has calculated the periods of these reyolutions 
to be as follows :*- 

The weakest norUi pole in 8C0 years. 
The strongest north pole in 174G years. 
Tlie weakest south pole in 1304 years. 
The strongest south pole in 4009 years. 

Tliere are some points of speculation on which 
Hansteen has ventured which have been smiled at as 
fimcifiil ; but they may rather indicate an amount of 
Imowledge in the Braluninical and Egyptian priesthood, 
faejond what we are usually disposed to allow them, and 
prove that their observations of nature had led them to 
an appredation of some of the most remarkable harmo- 
nies of this mysterious creation. 

The above terms are exceedingly near 864, 1246, 
1788^ 4S20, and those numbers are equal to the mystic 
number of the Indians, Greeks, and Egyptians, 432 
nniltiplied by 2, 8, 4, and 10. On these the ancients 
bdieved a certson combination of natural events to 
dqpend, and, according to Brahminical mythology, the 
dmation of the world is divided into four periods, each 
of 482,000 years. Again, the sun's mean distance from 
the earth is 216 radii of the sun, and the moon^s mean 
distance 216 radii of the moon, each the half of 432. 
Proceeding with this very curious examination, Han- 
steen says, 60 multipUed by 482 equals 15,920, the 
smallest number divisible at once by aU the four periods 

magnetic revolution, and hence the shortest time in 
jitandi the four poles can complete a cycle, and return to 
tiieir present state, and which coincides exactly with the 
period in which the precession of the equinoxes will 
cmowat to a complete circle, reckoning the precession at 
a degree in seventy-two years.* 

f Hansteen : Uuiersuchungen iiher den Mafftietitmus der Erd€, 
Oiristiana^ 1819. Humholdt: ExposSdts Variations Ma(jinetique84 — 
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When we consider the phenomena of terrestrial mag- 
netism carefully, it appears to indicate the action of a 
power external to the earth itself, and, as Hansteen 
conceives, having its origin from the action of the sun, 
heating, illuminating, and producing a magnetic tension, 
in the same maimer as it produces electrical excitation 
and actino-chemical action. 

The movements of these magnetic poles have been 
the subject of extensive and most accurate observatioii 
in every quarter of the globe. In London, during 
1657-1662, there was no magnetic variation ; the agonic 
line passing through it. The variation steadily incr^ised, 
until, in 1815, it amounted to 24° 15' 17", since which 
time it has been slowly diminishing. In addition to 
this great variation, we have a regular annual change 
dependent on the position of the sun, in reference to t& 
equinoctial and solstitial points, which was discovered 
by Cassini, and investigated by Arago and others. 
Also a diurnal variation, which movement appears to 
commence early in the morning, moving eastwsurd until 
half-past seven, a.m., when it begins to move westward 
until two, P.M., when it again returns to the east, and in 
the course of the night reaches the point from which it 
started twenty-four hours before. ■ 

We have also remarkable variations in what i» \ 
termed the dip of the needle. It is well known that a i 
piece of immagnetized steel, if carefiilly suspended by its I 
centre, wiU swing ih a perfectly horizontal position, but, | 
if we magnetize this bar, it will immediately be drvwn i 
downwards at one end. The force of the earth's : 
polarity, attracting the dissimilar pole, has caused it to " 
dip. 

There is, in the neighbourhood of the earth's equator, 
and cutting it at four points, an irregular curve, called 
the magnetic equator, or aclinic line, where the needle 

Oilberf s Annales Brewster's Magnetism : EncyclopsBdia Mctro- 
politana. 
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balances itself horizontally. As we proceed from this 
line towards either pole tilie dip increases^ until^ at the 
north and south poles^ the needle takes a verticalr 
position. The intensity of the earth's magnetism is 
also found to vary with the position, and to increase in 
a proportion which corresponds very closely with the 
dip. But the intensity is not a function of the dip, 
and the lines of equal intensity, isodynamic lines, are not 
parallel to those of equal dip. We have already re- 
marked on the diurnal variation of the declination of 
the needle; we know, also, that there exists a regular 
monthly and daily change in the magnetic intensity. 
The greatest monthly change appears when the earth is 
in its perihelion and aphelion, in the months of Decem- 
ber and June, — ^a maximum then occurs; and about 
the time of the equinoxes a minimum is detected.* 

The daily variation of intensity is greatest in the 
summer, and least in the winter. The magnetism is 
generally found to be at a minimum when the sun is 
near the meridian ; its intensity increasing until about 
six o'clock, when it again diminishes.f 

What striking evidences all these well-ascertained 
&Gt8 give of the dependence of terrestrial magnetism on 
solar influence ! and in further confirmation of this 
view^ we find a very remarkable coincidence between 
the lines of equal temperature — ^the isothermal lines, 
and those of equal dip and magnetic intensity. 

Sir David Brewster first pointed out that there were 
m the northern hemisphere two poles of maximum 
odd; these poles agree with the magnetic points of 
oonyei^nce; and the line of maximum heat, which 
does not run parallel to the earth's equator, is nearly 
coincident with that of magnetic power. Since See- 

* Hansteen ; as above. 

\ On the effects of temperature on the intensity of magnetic forces, 
mui outhe diurnal variations of the terrestrial magnetic intensity ; 
hj Samuel Hunter Christie, Esq. — Philosophical Traosa^tions, 
Tol. cxv. 1825. 
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beck Kas shown us that electrical and magneto-electri- 
cal phenomena can be ^x)diiced by the action of heat 
npon metallic bars^ we have^ perhaps^ approadied 
towards some faint appreciation oi the manner in niiich 
the solar calorific radiations may^ acting on the sarhee 
of our planet^ produce electrical and magnetic effecis. 
If we suppose that the sun produces a disturbance of 
the earth's electriciiy along any given line^ in idl direc- 
tions at right angles to that iine^ we dsU have mag^ 
netic polarity induced.* lliat such a disturbance m 
r^ularly produced every time the sun rises^ has been 
suffi<iently proved by many observers. 

In 1750^ Wargentin notioed that a very raimrkahte 
display of Aurora borealis was the cause of a peculiar 
disturbance of the magnetic needle ; and Dr. Dtaltcnf 
was the first to show that the luminous rays of the 
Aurora are always parallel to the dipping-needle, and 
that tiie Auroral arches cross tl|e magnetic meridian at 
right angles. Hansteen and Arago Imve attended wifli 
particular care to these influences of the nortfaemli^bti^ 
and the results of their observations are : — 

That as the crown of the Aurora quits the usual 
place, the dipping-needle moves several degrees fijr- 
ward: — 

That the part of the sky where all the beams of tte 
Aurora unite, is that 4o whidh a magn^c needle 
directs itself, when suspended by its centre of gravity: — 

That the concentric drcles, which 81k)w themsdhres 
previously to the luminous beams, rest upon two points 
of the horizon equally distant from the magnetic mean* 

* It has been observed by Mr. Barlow, in England, and some 
eminent observers in Austria, that an electric current constaiitlj 
traverses the wires of the electric telegraph wherever there wntw 
earth connections. 

f Meteopoioffioal (Ximnmikms and jSmo^ : by Dr. Dolton. Cm 
the Hetfki ^ the Awrwra BwreaUs above the mifiuse of ike Earth: 
by Joim Dalton, F.KS.— -Philosophical Transactiojis, voL cxiv. 
p. 291. 
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ilian ; and Aat the most elevated points of eacli arch 
are exactly in this meridian.* 

It does not appear tiiat every Aurora disturbs the 
magnetic needle ; as Captains Foster and Back both 
describe very eplendid disphtys of the phenomoion^ which 
did not appear to produce any tremor or deviation upon 
tiieir iBstrameuts.'f 

Some sodden and violent movements have been from 
time to time observed to take place in suspended 
magnets; and since the establishment of magnetic 
observBtories in almost every part of the globe, a very 
jremarkable coincidence in the time of these agitations 
lias been detected. They are frequently connected widi 
the appearance of Aurora borealis ; but this is not con- 
stantly the case. These disturbances have been called 
mMgneiic Mtorms ; and over the Asiatic and European 
twntjnent, the islands of the Atlantic and the western 
liemiqihere^ they have been proved to be simultaneous. 

Frcmi observations made at Petersburg by Kupffer, 
lad deductions drawn from the observations obtained by 
the Magnetic AisBociation, it appears probable that ihese 

* Arago : Amiales de Ghimie, vol. xxxix. p. 369. On the vari" 
«Kf hdauUy of Terrestrial Magnetism and the Influence of the 
harcra Borealis vpon it; by Robert Were Fox. — Philosophical 
IVsnaaetions, 1881, p. 199. 

f ** Biilliaat and active coruscations of the Aurora Borealis,** 
em Captain Back, *' when seen through a hazy atmosphere, and 
exhibiting the prismatic colours, almost invariably affected the 
needle. On the contrary, a very bright Aurora, though attended 

i motion, and even tinged with a dullish red and a yellow in a 
IT blue sky, seldom produced any sensible change, beyond, at 
fte moat, a tremulous motion. A dense haze or fog, in conjunc- 
tion with an active Aurora, seemed uniformly favourable to the 
^ifaiAanee of the needle, and a low temperature was favourable 
ti MlUant and active oorascations. On no occasion dining two 
liatartwas any sound heard to accompany the motions. The 
lorora was frequently seen at twilight, and as often to the east- 
ward as to the westward; clouds, also, were often perceived in 
tiie day-time, in form and disposition venr much resembling the 
Auara."— iN^Brrafioe of the Arctic Lmtd Expedition, 



250 MAGNETIC 8T0&M8. 

storms arise from a sudden displacement in tlie magnetic 
lines of the eartVs surface ; but the cause to which this 
may be due is still to be sought for. 

Li the brief and hasty sketch which has been given 
of the phenomena of terrestrial magnetism^ enough luts 
been stated to show the vast importance of this verjr 
remarkable power in the great operations of nature. We 
are gradually reducing the inmiense mass of recorded 
observations^ and arriving at certain laws which aie 
found to prevail. Still, the origin of the force, whether 
it is strictly electrical, whether it is the circulation of a 
magnetic fluid, or whether it is merdy a peculiar exdta- 
tion of some property of matter, are questions which are 
open for investigation. 

In the beautiful Aurora borealis, with its trembling 
di£Fiisive lights, and its many-coloured rays, we have 
what may be regarded as a natural exhibition of magne* 
tism, and we appear to have within our grasp the ex- 
planation we desire. But we know not the secret of 
even these extraordinary meteorological displays. If we 
pass an electric spark from a machine through a Icmg 
cylinder, exhausted of air as far as possible, we have a 
mimic representation of the Northern Lights — ^thesame 
attenuation of brightness, almost dwindling into phos- 
phorescence ; and by the slightest change of tempera- 
ture we may produce that play of colours whidi is 
sometimes so remarkably manifested in Aurora. Dr. 
Dalton considered Aurora borealis as a magnetic pkennh 
menon, and that its beams are governed by the eatiHi 
magnetism. We know that the arc of light produced 
between the poles of a powerfiil galvanic battery » 
readily deflected by a good magnet ; and we have lat^ 
learned that every vapour obeys the magnetic force* 
It is, therefore, yet a question for our consideratkm^ 
does the earth^s magnetism produce the peculiar pheno- 

* Faraday : On the Diamagnetic character of Flame and Gosh, 
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mena of Aurora by acting upon electricity in a state of 
glow ? or have we evidence in this display of the circu- 
^ lation of the magnetic fluid around our globe^ manifest- 
' ing itself by its action on the ferruginous and other 
metallic matter^ which Pusinieri has proved to exist in 
the upper regions of our atmosphere.* That magnetic 
radiations do exists has been proved by Faraday^ and 
that they form hues of force perpendicular to the earth's 
surface^ has been experimentally shown. Parallelograms 
of wire moved upon a central axis, and connected with 
a galvanometer, give at every revolution indication of an 
electric disturbance in all respects analogous to the 
production of a current by moving wires in front of a 
steel magnet. 

The alteration in the properties of heat, when it 
passes from the radiant state into combination with 
matter, exhibits to us something like what we may sup- 
pose occurs in the conversion of magnetism into electri- 
dty or the contrary. We have a subtile agent, which 
evidently is for ever busy in producing the necessary 
conditions of change in this our earth : an element to 
which is due the development of many of the most active 
powers of nature ; performing its part by blending with 
those principles which we have already examined; 
associating itself with every form of matter ; and giving, 
as we shall presently see, in all probability, the first 
impulses to combination, and regulating the forms of 
j^gr^ating particles. 

* '* The Aurora BoreaJis is certainly in some measui'e a mag- 
aetical phenomenon ; and if iron were the only suhstance capahle 
of exhibiting magnetic eiSects, it would follow that some fer- 
mginoas particles must exist in the upper regions of the atmos- 
pbare: The light usually attending this magnetical meteor may 
possibly be deri\ed from electricity, which may be the immediate 
cause of a change in the distribution of the magnetic fluid, con- 
tained in the ferruginous vapours which are imagined to float in 
the air/* — Lecture on Magnetism): Young's Lectures on Naiurai 
PhUdsophy, p. 533. 
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As electricitj has the power of altering tbe physical 
conditions of the more adheroit stsptes of matter^ thus 
giving rise to variations of form and modes of comlnna- 
tion^ so gross matt^ appears to alter iiie character of ' 
tiiis agency^ and thus disposes it to the several modifica- 
tions nnder which we have already detected its presence. 
We have mechanical electricity aiid chemical dectridty^ 
each performing its great work in nature ; jet boA 
manifesting conditions so dissimilar, that tedious pe- 
search was necessary before they could be declared 
identical. Magnetic electricity is a Hiird form ; all its 
charact^stics are unUke the oiiiers, and the office it 
appears to perform in the laboratory of creatkm is of a 
different order from that of the other states of dectrical 
force. In the first two we have decomposing and re^ 
oombining powers constantly manifested — ^in feet, their 
influences are always of a chemical dbaracter; but in 
the last it appears we have only a directive power. It 
was thought that evidence had been detected ci a 
chemical influence in magnetism; it did appear that 
sometimes a retarding force was exerted, and often an 
accelerating one. This has been again denied, and we 
have arrayed in opposition to each other some of the 
first names among European experimoitalists. The 
question is not yet to be regarded as settled ; but, from 
long and tedious investigation, during which every old 
experiment has be^i repeated, and numerous new cmes 
tried, we incHne to the conclusion that chemical action 
is not directly affected by magnetic power. It is highly 
probable that magnetism may, by altering the structural 
arrangem^it of the surface, vary Ihe rate of chemical 
action ; but this requires confirmation.* 

There is no substance to be found in nature existing 
indqpendaitly of magnetic power. But it inflnences 

H: On the supposed influence of Magnetism and Chemical Actum; 
by Bobert Hunt. — Philosophical Magazine, vol. xxxii. No. 215, 

1819. 
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bodies in diffiefent ways : one set acting with relation to 
magnetism^ like iion^ and arranging themselves along 
the line of magnetic force^ — ^these are called magnetic 
bodies ; another set, of which bismuth may be taken as 
the representaliTe, ahniTS placing themsdyes at right 
angles to this line, — these are called diamaffnetie 
bodiesJ* This is strikingly shown by means of powerful 
eledsro-magnets ; but the magnetism of the earth is 
snfficiCTLt, under proper care, to exhibit the phenomena. 
Every substance in nature is in one or other of these 
conditions, l^e rocks, forming the crust of the earth, 
and the minerals which are discovered in them ; the' 
sorfiM^ soil, which is by nature prepared as the fitting 
habitation of the vegetable world, and every tree, shrub, 
and herb which finds root therein, with their carbona- 
ceous matter, in all its states of wood, leaf, flower, and 
fiuit j the animal kingdom, from the lowest monad 

* Those bodies which are attracted by a magnet, as iron is, are 
called moffMtie bodies. Those which are, on the contrary, repelled 
Ij the same power, are termed diamagnetic bodies. On these Dr. 
nmcUij remarks : — *' Of the substances which compose the crust 
of flie earth, by far the greater portion belong to this diamagnetic 
daaa; mnd thdigli fermginous and other magnetic matters, being 
mofe energetic m their action, are more striking in their pheno- 
mana, we should be has^ in assuming that, therefore, they over 
nde entirely the effect of the former bodies. As regards the ocean, 
lakea, rivers, and the atmosphere, they will exert their peculiar 
«Aet almost tminfluanced l^ any magnetic matter in them, and 
m lespects the rocks and mountains, their diamagnetic influence 
m poiiaps greater than might be anticipated. I mentioned that 
kj nQusttng water and a salt of iron together, I obtained a solution 
inaetiTe in air ; that is, by a due association of the forces of a body, 
ftwa ettch class, water and a salt of iron, the magnetic force of the 
latter was entirely counteracted by the diamagnetic force of the 
finaer, and the mixture was neither attracted nor repelled. To 
fndnoe this effect, it required that more than 48'6 grams of erya- 
tdEsed protosulphate of iron should be added to ten cubic inc^e8 
of water (for these proporticms gaye a solution which would Stft 
cmiatorially), a quantity so large, that I was greatly astonished on 
ooaerring the power of the water to overcome it. It is not, there- 
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through the entire series up to man, — ^have^ all of them, 
distinct magnetic or diamagnetic relations. 

^^It is a curious sight/^ says Dr. Faraday^ ''to see a 
piece of wood or of beef, or an apple, or a bottle of water 
repelled by a magnet, or, taking the leaf of a tree, and 
hanging it up between the poles, to observe it take an 
equatorial position. Whether any similar effects occur 
in nature among the myriads of forms which, upon all 
parts of its surface, are surrounded by air, and are sub- 
ject to the action of lines of magnetic force, is a ques- 
tion which can only be answered by future observa* 
tion.''* 

At present, the bodies which are known to exhibit 
decided ferro-magnetic properties are the foUowing^ 
which stand arranged in the order of their intensity : — 

Iron, Nickel, Cobalt, Manganese, 
Chromium, Cerium, Titanium, 
Palladium, Platinum, Osmium. 

It is interesting to know that there are evidences 
that two bodies which, when separate, are not magnetic, 
as iron is, become so when combined. Copper and 
zinc are both of the diamagnetic class, but many kinds 
of brass are discovered to be magnetic. 

The salts of the above metals are, to a greater or less 
extent, ferro-magnetic, but they may be rendered neutral 
by water, which is a diamagnetic body, being repelled 
by the magnet. It will be unnecessary, here, to enume- 
rate the class of bodies which are diamagnetic ; indeed, 
all not included in the preceding list may be considered 
as belonging to that class, with the exception of gases 

fore, at all unlikely that many of the masses which form the crust 
of this our globe, may have an excess of diamagnetic power, and 
act accordingly/' — On new magnetic actions, and on the magnetic 
condititm q^ all matter ; by Michael Faraday, D.C.L., F.R.S., Ac. 
— Philosophical Transactions, Jan. 1846, vol. cxxxvii. p. 41. 
* Ibid. 
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md vapours, which appear to exist, relatively to each 
other, sometimes in the one, and sometimes in the other 
condition.* 

To endeavour to reduce our knowledge of these facts 
to some practical explanation, we must bear in mind 
that particular spaces around the north and south geo> 
graphical poles of the earth, are regarded as circles to 
which all the magnetic lines of force converge. Under 
drcomstances which should prevent any interference 
with what is called ferro-magnetic action, all bodies 
coming under that class would arrange themselves ac- 
cording to the laws which would regulate the dispo- 
ntion of an infinite number of magnets, &ee to move 
within the sphere of each other's influence. The north 
and south pole of one magnetic body would attach itself 
to the soutii and north pole of another, until we had a 
Kne of magnets of any extent ; the two ends being in 
opposite states, like the magnetic points of convergence 
rf the earth. 

Every body, not ferro-magnetic, places itself across 
such a line of magnetic force as we have conceived ; and 
if the earth were made up of separate layers of ferro- 
magnetic and diamagnetic bodies, the result would be 
the formation of bands at right angles to each other. 
!niis is not the case, by reason of the intermingling of 
the two classes of substances. Out of the known che- 
mical elements we find only about ten which are actively 
&RO-magnetic ; the others combining with these give 
liie to either a weaker state, a neutral condition, or the- 
bilance of action is turned to the diamagnetic side. 
Salphate of iron, for instance, is a magnetic salt; but 

* On the Diamagnetic conditions of Flame and Gases, by Michael 
Firmday, F.E.S. ; and On the motions presented by Flame when 

ier Mlectro-Magnetic InfluencCy by Professor Zandeteschi.— 
Philosophical Magazine, 1847, pp. 401—421. 
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in solution^ water being diamagnetic, it loses it» 
property. The yellow prussiate of potask dissolved 
in water is a diamagnetic body ; but the red 
prussiate^ which contains an atom less of potassium^ 
is magnetic: but in the solid state thejr are both 
diamagnetic.* 

From this it would aj^pear that the chemical compo^ 
sxtion of a body regulated its relation, to magnetisni. 
The following facts wiU show^ howerer^ that the m<de» 
calar structure is more particularly concerned in de- 
termining the molecular condition of substances. 

M. Pliicker^ being desirous of finding the extent to 
which the dxrectitm of the fibres m oi^anic bodies mi^ 
influence their magnetic or diamagnetic properties, was 
led to inquire whether in crystals the direction of the 
optic axes^ which itself depends upon the arrangement 
of the particles, might not also exercise some influence. 
The first submitted to the action of the electro-magnet 
a thin plate of tourmaline, such as is employed in expeii- 
ments upon polarization,, having its optic axis t)arallel to 
its longest length. It was very quickly perceived that 
the plate was magnetic, by the effect of the iron that it 
contains; but it was suspended successively in three 
ways, — ^first, so that its longest side was vertical, then a» 
that the shortest side was vertical, and finally so that 
the plate itself was horizontal. In the first case it is 
directed between the two points of the conical curvatores 
of the poles like a magnetic body ; but, in the other 
*two cases, on the c(Tntrary,it took the direction assumed 
by diamagnetic bodies — that is to say, a direction such 
that its longest length was perpendicular to the line 
joining the poles. This direction indicated that the 
optical asds was repelled by the two poles, and that this 

* On Diamagnetism ; by Professor Pliieker, of Bonn. — ^Pbilo 
sophical Magazine, July, 1^848. 
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repulsion outweighed the magnetic properties of the 
crystal.* 

The idaticm of structure to physical phenomena of 
essentially different characters is remarkable. Savart^ 
when making crystalline plates of quartz and carbonate 
of lime vibrate^ succeed^ in determining a relation 
between the acoustic figures that are produced in them, 
and the particular mode of the crystaUization of the 
substance. He found that the direction of the optical 
axis is constantly connected with that of the principal 
forms of the acoustic figures, 

Mitscherlich has remarked that crystals do not expand 
npifiirmly by heat^ but that this dilatation is greater in 
one direction than in another ; and that this difference 
is connected with their crystalline form. M. de Senar- 
mont has shown that conductibility for heat^ which is 
equal in all directions for the crystals of the regular 
sjnrtem, acquires in others a maximum or a minimum 
rdue, according to directions parallel to the crystallo- 
graphic axes ; so that the isothermic surfiaces^ which are 
q^faieres in the former case, are, in the other, ellipsoids 
elongated or flattened in the same direction. The optical 
axes do not altogether coincide with the principal axes 
of conductibility for heat ; but this appears to be due 
merely to slight differences in the rate of progression, 
cr the refirangibility of the luminous and calorific rays. 

Wiedmann, by employing a fine point through which 
he made electricity arrive upon a surface that he had 
powdered with licopodium or red lead, succeeded in de- 
termining, by means of the form assumed by this light 
powder, the conductibility of crystals in different di- 
iecti0n8. 

On a surface of glass, the powder which disperses 
itself around the points, in consequence of electric re- 

* For a detailed account of the experiments of Faraday, Plucker, 
Beequerel, Tyndale, and Knoblauch, see De La Rive's Treatise on 
^eetiieky in T%eory and Practice. 

s 



pulsion^ forms' a ci]?eiilBf fignsce trayened bjr ladiL 
When a plate of gjrpsum is used instead of glass the 
figure is fecmd to be elliptical^ and the great, aads of the 
eUipse forma a right angle with the pnncipal crjstatt»- 
graphic axis^ whidh parores thair the electrieitjr dSstoibatBi 
itself more easily in, a directiop perpcndicqlar to tha aria 
than m any other. M. Wiedaaiaiin cornea to- the oobh 
dnsion that crystals which possess abetterconduetiiiilitf 
m the direction of the. principat aris^ all belong to tke^ 
ehcia of negative crystala: while those whieh; hanre a 
better conductibility in the direction perpendicalar to^ 
the axis are positive^ which indicates that the direction 
of best condnctibility for electsicity is also that ] 
to which light is propagated relatively with 
velocity. 

Tyndale has shown, thai; if gutta perdba which haa 
been rendered fibrous in mann&ctixre is cut so thai the 
fibres are in the direction of this greatest length, or in 
a direction perpendicular to this greatest ksagth^and 
placed under the influence of a magnet, they direct 
themselves equatorially. Ivory cut in the same direo- 
lion manifests the same conditions^ though both these 
substances are diamagnetic. 

The fibrous structure, and the planes of cleavage, thus 
determine the magnetic condition of a substance. The 
special properties presented by crystals, in r^ard to 
the action exercised upon them by magnets, is due to 
a particular mode of grouping their particles. This i& 
also the cause of unequal dUatability, and of unequal 
conductibility for heat and for electricity. 

How curiously, therefore, does molecular structure 
determine the relation of a body to any of the forms of 
physical force ! 

We still search in the dark, and see but dimly the 
evidences ; yet it becomes almost a certainty to us, that 
this stone of granite, with its curious arrangement of 
felspar, mica, and quartz, presents its peculiar condition 
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▼iftaeof aooM am m Hagnetie force. The crystal^ 
i^ eC qMit^ wlorifc we break out of tlie massi, axMl 
lidb freaois to tm^ » beautiftdly vei^aar ^gfase, is, be- 
mi a JbuM;^ so fonueds, becaiiiBe tfice atoms* €f sSca are 
th qwPMnfflllrd ia obedieBee to one of t&eaetw» con- 
aoBff of ■■■(jiM't'limi to set tliemsdves in a eertaia order 
cadi Qkha, iridck eammt be altered by hmmm tbrce 
ihwit JhsBtrpfitKaa, 

AU ibe laws ndkieb n^alste the ferms^ oi crystals and 
lorplmia bodiea aire^ to the greatest degree, shn]^. 
vaMwBe the end m ever attained bj the easiest meaass ; 
d tiie eomplexitjrof c^ration^ which appesura some- 
les to tike observer^ is: only so because he cannot see 
$ spring by which the machine i» moved. 
Zbe gaaeons ewrdape, onr atmosph^ce^ is in a neutral 
te^ Oxygen is strikingly magnetic in rdiation to 
ebagen gas, wkUst nitrogen is as singdariy the con- 
wf; and the same contrasts present themselTes when 
Bsegases are examined i» their rdbtion to common 
. Thus, oxygen being magnetic, and nitrogen the 
itnmy, we have an equiKbrium estaUiahed, and the 
dtfc m a eompouaet neutral in its relations- to afi 
iter. Ali gases and yapouT» are found to be dia- 
gnetic^ but in diferent degrees.* This- is shown by 
■ing^a stream of the gas, rendered visible by a little 
cA»> within the influence of a powerful magnet. 

A few examples taken from Dr. Faraday's paper will show 
i: — 

rjCxogen being acted on was manifestly £amagnetic in rehition 
ommon air wben both were of the same temperatturs. Oxygen 
ie»8 to be magnetio in common air. Hydrogen proved to be 
url; and even strongly diamagnetic. Its diamagnetic state shows, 
i striking point of view, that gases, like solids, have peculiar 
i cEstincti've degrees of diamagnetic force. Garbonic acid gas 
liamagnetic in air. Carbonic oxide was carefully freed from 
sonic acid before it was used, and it appears to be more dia- 
ipietic than carbonic add. Nitrous oxide was moderately, hut 
irly, diamagnetic in air. Oleiiant gas was diamagnetic. The 
I gas of London is very well diamagnetic, and gives exceedingly 
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These bodies are, however, found relatively to each 
other,— or even to themsdves, under different thermic 
conditions, — to change their states, and pass from the 
magnetic to the diamagnetic class. Heat has a veiy 
remarkable influence in altering these relations; and 
atmospheric air at one temperature is magnetic to the 
same fluid at another: thus, by thermic variations, 
attraction or repulsion may be alternately maintained. 
By this it must be understood that a stream of air, at a 
temperature elevated but a few degrees above that of an 
atmosphere of the same kind into which it is passing, is 
deflected in one way by a magnet; whereas, if the 
stream is colder than the bulk through which it flows, 
it is bent in another way by the same force. In 
this respect magnetism and diamagnetism show equally 
the influence of another physi(»l force, heat ; and 
we may safely refer many meteorological phenotnena 
to similar alterations of condition in the atmosphere, 
relative to the magnetic relations of the aerial cur- 
rents. 

That magnetism has a directive power is satis£Eu;torily 
shown by the formation of crystals in the neighbourhood 
of the poles of powerful magnets. The common iron 
salt, the proto-sulphate, orchnarily crystallizes so that 
the crystals unite by their faces ; but when crystallizing 
under magnetic influence, they have a tendenqr to 
arrange themselves with regard to each other so that 
the* acute angle of one crystal unites with one of the 
faces of another crystal, near to, but never actually at, 
its obtuse angle. In addition to this, if a magnet of 
sufficient power is employed, the crystals arrange them- 
selves in magnetic curves from one pole to the other, a 
larger crop of crystals being always formed at the north 

good and distinct results. Sulphurous acid gas is diamagnetic 
in air. Muriatic acid gas was decidedly diamagnetic in air.— 
On the Diamagnetic Conditions of Flame and Gases : Philosophical 
Magazine, 1847, p. 409. 
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than at the south pole. Here we have evidence of an 
actual turning round of the crystal, in obedience to the 
directive force of the magnet; and we have the curious 
drcnmstance of a difference in some way, which is not 
clearly explamed, between the two opposite poles. If, 
instead of an iron or a ferro-magnetic salt, we employ 
one which belongs to the other, or diamagnetic, class, 
we have a curious difference in the result. If into a 
glass dish, fixed on the poles of a strong electro-magnet, 
we pour a quantity of a solution of nitrate of silver, and 
place in the fluid, over the poles of the magnet, two 
globules of mercury .(an arrangement by which that 
arborescent crystallization, called the Arbor Diana, is 
produced,) we have the long needle-shaped crystals of 
sDver, arranging themselves in curves which would cut 
the ordinary magnetic lines at right angles.* 

In the first example given we have an eihibition of 
magnetic force, while in the last we have a striking 
display of the diamagnetic power. 

The lai^ majority of natural formations appear to 
gioop themselves under the class of diamagnetics. 
These bodies are thought to possess poles of mutual 
rqpnlsion among themselves, and which are equally 
rqielled by the magnetic points of convergence. Con- 
fimng our ideas to single particles in one condition or 
the other, we shall, to a certain extent, comprehend the 
manifold results which must arise from the exercise of 
these two modes of force. At present, our knowledge 
of the laws of magnetism is too limited to allow of our 
making any general deductions relative to the dispo- 
tttiom of the molecules of matter ; and the amount of 
observation which has been given to the great natural 
arrangements, is too confined to enable us to infer more 

* For illnstration of this I must refer to my own Memoir, Re- 
jMfcAft on ike Influence of Magnetism and Voltaic Electricity on 
CrysiaUizaUonf and other conditions of matter, in the Memoirs of 
the Geological Survey of Great Britain, &c., vol. i. 
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than that it is {xrobable many of the stmetaral ocw- 
diiaoDB of our phuiet are due to pedant^. 

MoontaiB xanges observe a jaagHJar lEUBifennily «f 
diiectioii, and the deavage planes of rock are evideatfy 
determiaed by Bome all-pervaduig powec Minail 
bodies are act distributed in all rodLs iadjacrhwinatriy^ 
The priaiarj fbnoaticmd hold one dass of metalliferoHv 
oresy and the xoore recent ones another. This is not 
to be regarded as in any -way oonBOCted -wsAl dor 
respective i^es, b«fc with some pecdfacr oondkion if 
die stone itself. The granite and shite Toda^ at Huir 
jonetiGnSy fsresent the reqnked tposdkiGns fiar thads* 
posit c£ copper ore, while we £nid &e limestones hm 
tfae cfaaracteristic ]^ysical state £or aooamolati^g hd 
are. Again, <mi examining any mingaai vein, it w&fe 
at once apparent that evea7pai^^kde<droi^and«««iycK^ 
tal of qi»rtz or liniestone^ is deposed in a diinetiiHa wbA 
mdicates the exercise of some powerfol directive 

It appears, from all the resulta hiiiheito 
the magnetic and diamagnetic condition of bodMS is 
equally due to some pectdiar prop^iy of matter ki le- 
bition to the other forms of electricity. We have not 
yet anived at the connecting Imk^ but itdoesnat Jffetf 
to be far distant. 

We have already refenped to the statement Budebj 
talented experimerdalists, that magnetism has a powerfid 
influence in either retarding or acoderating ebemaoH 
oombination. Beyond a doubt diemical action ■miffiB 
the pow^ of a magnet ; but the distnibanoe idiickifc 
occasions in soft iron, on the contrary, a^^peara to tmi 
to its receiving magnetism more readii^, and irtniwaf 
it mare permanently. Furthar investigations aie, hii^ 

* In a work published by Mr. ^van Hopkins, entitled 0* f^ 
CoHuexifm of Geology witk Terrestrial Magnetism, viM he iot^ 
manj valuaJbie jpraetical observations, made ia tliis ooonlrf tm 
the gold and silver districts of America; >nt the views tana If 
the author are open to many objectiona. 
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ever, lequbed, liefore -we oan decide satisJ&ictQrily either 
of diese problem^ <both of wihich bear very stron^y 
i|xm £he subject we ha^e just beeoi considerizig. 

Webave seen tihat heat and electricity act strangely on 
KagxKBtic foioe, and that this statical power reacts upon 
thcnoi : and tbos the question natnraUy arises^ Do light 
and magnetism in any way a<5t ixpon each other? 

Morichim and Oarpi on the contineoEit^ and Mrs. 
Somendlle in England, have stated that small bars <£ 
fltoel t»n be rendered magnetic by exposing them to 
liie influence of ihe violet rays 4if ^ht. These results 
kave been denied by others^ but .again repeated and 
.afpamiftly ccmfinned. In aU pEPobabihty, the rays to 
nUch the needles were exposed, being those ip. which 
Hie BBSXimnm actinic power is found, produced an 
4Kstsal«chenncal change; and then, if the position were 
•faponrable, it is quite evident that magnetism would be 
imparted. Indeed we have found l^s to be the case 
whim the needles, exposed ito solar radiations, wer-e placed 
jan Hie^direction of the dip. The supposed magnetization 
of light by Faraday has already been mentioned. If 
iibe inflnenoe in one case is ^etermined^ it will render 
Ae dAfir more pr0bable.* 

''In seeing for a cause,^' writes Sir David Brewster, 
^irhich is capable of inducing magnetism on the ferru- 
^paaamM matter of ^wr :gIobe, whether we »place it within 
tim «m*th, or in its atmosfdiere, we are limited to the 
wm, to which aQ the magnetic phenomena luwe a dis- 
tinct reference; but, whether it acts by its heat, or by 
ifei liglit, -or by specific rays, ^or influences ^ a magnetic 
■Him, must 'be jefit io fixture inqiiiry.^^t 

* 'Bee a notice by !Faraday of Moridhini's lExpeiimeiiits m 
MiUlimu ^Jjipkt to magnetic fbrce— Pbilosopbioal Transactions, 
vdL cxxxvii. p. 15. See also Mr. Christie On Mqpnettc Infiuence 
4i ike "St^r Kay«-— Fhfloso^bicaL Transactions, vol. cvii. p. 210 ; 
▼ol. cxix. p. 379. 

f Sir David Brewster On Magnetism; repiiblished from ISie 
Encyclopaedia Britannica. 
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We have learnt that magnetism is not limited to femi- 
ginons matter ; we know that the ancient doctrine of 
the universality of the property is true. Kircher, in 
his strange work on Magnetism^ pubhshed in the early 
part of the seventeenth century* — a curious exemplifi- 
cation of the most unweaiying industry and carefiil 
experiment, combined with the influences of the credulitj 
and superstitions of his age — attributes to this power 
nearly all the cosmical phenomena with which, in his 
time, men were acquainted. He curiously anticipates 
the use of the supposed virtue of magnetic traction 
in the curative art; and as the titles of his con- 
cluding chapters sufficiently show, he was a firm be- 
hever jn animal magnetism.f But it is not with 
any reference to these that we refer to the work of 
Athanasii Kircheri, Societatis Jesu, MagneSy sive de 
Magnetivd Arte^ but to show that two hundred years 
since, man was near a great truth ; but the time of its 
development being not yet come, it was allowed to sleep 
for more than two centuries, and the shadow of night 

* The whole of the title of Kircher's book will convey some idea 
of the subjects embraced: — Athanasii Kircheri Societatis Jesu 
Magnes, sive de Arte Magnetica; opus tripartitum, quo Universa 
Magnetis Natura ejusque in omnibus Scientiis et Artibus usus 
nova methodo explicatur : ac praeterea e viribus et prodigiosis 
efiectibus Magneticaiiim aliarumque abditarum Natur» Motionuin 
in Elementis, Lapidibus, Plantis, Animalibus elucescentium: 
multa hucusque incognita Naturae Arcana, per Physica, Medica, 
Chymica, et Mathematica omnis generis Experimenta recluduntur 
Editio Tertia : ab ipso Authore recognita emendataque, ac multis 
novorum Experimentorum Problematibus aucta. RomsB, 16&4. 

t The following are the titles ol* the concluding chapters of 
Kircher s book : — De magnetismo solis et luna in maria. De mag- 
neticd vi plantarum. De insitionis magneiicis miraculis. De mag- 
netismo virgula aurifera seu divinatoriiB. De plantis heliotropes 
eointmque magnetismo. De magnetismo rerum medicinaiium. De ot 
attractivA potentits imaginative. De magnetismo mutiets, De 
magnetismo amorts. 
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iad covered it. In speaking of the vegetable world, 
and the remarkable processes bv which the leaf, the 
flower, and the fruit are produced, this sage brings for- 
ward the &ct of the diamagnetic character of the plant, 
which has been, within the last two years, re-discovered; 
and he refers the motions of the Sun-flower, the closing 
of the Convolvulus, and the directions of the spiral, 
formed by twining plants^ to this particular influence. 

This does not appear as a mere speculation, a random 
gaess, but is the result of deductions from experiment 
and observation. Kircher doubtless leaped over a wide 
spaoe to come to his conclusion ; but the result is valu- 
able in a twofold sense. In the first it shows us that, 
by n^lecting a fact which is suggestive, we probably 
lose a truth of great general application ; and secondly, 
it proves to us, that by stepping beyond the point to 
wUch inductive logic leads, and venturing on the wide 
sea of hypothesis, we are liable to sacrifice the true to 
the fiedse, and thus to hinder the progress of human 
knowledge. 

Magnetism, in one or other of its forms, is now proved 
to be tiniversal, and to its power we are disposed to refer 
tiie structural conditions of all material bodies, both 
organic and inorganic. This view has scarcely yet been 
reoognised by philosophers ; but as we find a certain 
law of polarity prevailmg through every atom of created 
matter, in whatever state it may be presented to our 
tenses, it is evident that every particle must have a polar 
and diirecting influence upon the mass, and every co- 
heorent mass becomes thus only a larger and more 
puwerful representative of the magnetic unit. Thus we 
see the speculation of Hansteen, that the sun is, to us, 
a magnetic centre, and that it is^ equally influenced by 
fhe remoter suns of the universe,* is supported by 
Intimate deductions from experiment. 

* " For these reasons it appears most natural to seek their 
origin in the sun, the source of all living aotiyity, and our con- 
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The gzseat difficulty is not^ however^ got rid of by 
thk speculation ; tbe cause 1^^ wldch the earth^B mag- 
netism is induced is only leisaoved fvrtiier o& 

jectnire ^ains probability from the ppeoeimg lemadn eia 4be 
daily osoillatioiis of tbe needla Upon this principle the mm 
may be conceived as possessing one or more magnetic axes, 
which, by distributing the force, occasion a magnetic diSerenoe 
in the earth, in the maon, ai)d all thoee planctts lAtOBe 
internal structure admits of such a i^tSexenoe. Yet, aSoving 
all this, the main difficulty seems not to be overcome, hut 
merely removed from the eyes to a greater distance ;, for the 
question may still be asked, with equal justice, whence cBd 
-die sun acquire its magnetic force? And if from the aim we 
have recourse to a central sun, and from that again to a genflil 
magnetic direction throughout the univevse, having -the Milkf 
Way for its equator, we but lengthen an unrestricted chain, 
every link of which hangs on the preceding link, no one of 
them on a point of support. All things considered, t^ ibOow- 
ing mode of r^resentiiig the subject appears to me Mnt 
plausible. If a smgle globe were left to move alone froeiy in 4he 
immensity of ^Mice, the opposite forces existiufg in its laaterial 
structure would soon arrive at an equilibrium conforma'ble to tbdr 
nature, if they were not so at first, and all activity woifld soon 
come to an end. But if we imagine another globe to benrtrodnced, 
a mutual relation will arise between the two; and one 4if ite 
results win be a reciprocal tendency to unite, which is designated 
and sometimes thought to be explained by the merely descriptLve 
word Attraction. Now would this tendency be the only coase- 
•quence of this relation ? Is it not more likely that the fimaaaBeirtal 
^owces, being drawn from their -state of indiffiaience or vest, 
would exhibit their energy in all possible directions, givinff jobs te 
all kinds of contrary action ? The electric force is excited, not^ 
friction alone, but also by contact, and probably also, though in 
smaller degrees, by the mutual action of two bodies at a distanoe^ 
for eontact is nothing but the smallest possible distanoe, and>ttMit, 
moreover, only for a few small partides. Is it not oonqeivaUe 
that magnetic force may likewise originate in a similar mannfir? 
When the natural philosopher and the mathematician pay r^azd 
to no other effect or the reciprocal relation between two bodies at 
a distance, except the tendency to unite, they proceed 9egioally, tf 
their investigations require nothing more than a moving power; 
but should it be maintained that no other energy can be developed 



The ideaisl aimagsietae fluid is soairoelf tenable; wod 
tbe fenmgmouB natixre'of the AxuFCxra boreabs reoeanes 
no {HOof finom any ai»Ki 311 ; indeed, ^^e haT^e p^o- 

CKiied^^eiioetedbcywthsci] isaaot aitaUfieoessaiyfoir 
the pNXkiGtaixi'of «iagn< ()J lomena. The ieaf of a 
tiee;« flower, ifirdt, a pb 3ofi oaal muscle, glass, paper, 
aad« wtety of^milar . es, ha^e tiie $K>wer <^ 

nepellDig &e tor of iro 'v :^ we call a magnet, :asid 
•offineii^itatngfatani es to reetion of the force 

1 %" tSaeoL Tim ts a 1 h omust be con- 

borne in miaid ^ we now cunfiider tlte 

B^stoiea of magnetic pb a 

Aaf tvo BKBBaes ^ 1 : act upcm each t>ther 
m a o9 t dam g to tins law, ;s n^ bjr the jpower <cf 

cohesion the force may be orougnt to an eqidliboixm., 'or 
to Hm -mbk) point, it is aev^eor lost, and may be readily and 
npidty aMui&sted by any •of tiie means •employed £»r 
doctneai •excit&itioiL. 

■ttMnning byjoialog^r^ the q l &Mj snggiestB 

iftMif:: If two systems <o inoin ^c atomic ^oonstitatioiL 
\ ■unested wi& a pa< 01 inflnencmg •each other 
i <di8tB3MX^ wJb r y not two more hx^y 
oi^anic syste eqnally, tn* to a greater ex- 
) «a inflaesfece in Uke manner? Upon sach 
as this is founded the pfaenomenooL known «s 
Mftgsdism. Tl to is no denykng the f act tbat 
of blood, mi le, nerves, wid boise, ttttst, 
_ \ , iflAaenoe another mmilar mass. This iR, 

hfomevet, something totally different &om that abnoimid 
OHlitkin niiich is prodi 1 thron} caharand, 

•iyB<» vnexpiainBd phys al ses. 

Wkh die mystcrioBS ope Tital action, the 

lorees which we have been consiaermg have nothing 

two ancli boflUfifi, 4)be assertioa will need fxooi, aod the 
w3L 1)6 liarcl ts BndT*— The almve is a Iranslalaon iron 
's work On Magnetism, 
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whatever in common. The powers which are employed 
in the arrangements of matter are, notwithstanding their 
subtile character, of far too gross a nature to influence 
the psychological mysteries which present themselves to 
the observant mind. It cannot be denied that, by 
placing a person of even moderate nervous sensibilily 
in a constrained position, and under an unnatural 
influence of the mind, as acquired by the disciples of 
Mesmer, a torpor affecting only certain senses is pro- 
duced. The recognised and undoubted phenomena are 
in the highest degree curious — but in these the marvels 
of charlatanry and ignorance are not included; — and 
the explanation must be sought for by the physiologist 
among those hidden principles upon which depends all 
human sensation.* 

Man, like a magician, stands upon a promontory, and 
surveying the great ocean of the physical forces which 
involve the material creation, and produce that inflnite 
variety of phenomena which is unceasingly exhibited 
around him, he extends the wand of intelligence, and 
bids the "spirits of the vasty deep^^ obey his evocation. 
The phenomena recur — the great processes of creation 
go on — ^the external manifestations of omnipotent 
power proceed — effects are again and again produced ; 
but the current of force passes undulating onwards ; — 
and to the proud bidding of the evocator there is no 
reply but the echo of his own vain voice, which is lost at 
last in the vast immensity of the unknown which lies 
beyond him. 

We see how powerfully the physical forces, in their 
various modes of action, stir and animate this planetarv 
mass ; and amongst these the influence of magnetism 



* See article Animal Magnetism^ EncyclopsBdia Britannica, and 
Mr. Braid's papers On Hypnotism, published in the *• Medical 
Times." 
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appears as a great directing agent, thougli its origin is 
niJcnown to us. 

That power which, like a potent spirit, guides 
The sea-wide wanderers over distant tides, 
Inspiring confidence where'er they roam, 
By indicating still the pathway home ; — 
Through nature, quioken'd by the solar beam, 
^ InTests each atom with a force supreme. 
Directs the cayem*d crystal in its birth. 
And frames the mightiest mountains of the earth ; 
Each leaf and flower by its strong law restrains. 
And binds the monarch Man within its mystic chains. 
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CHAPTSiB XI.. 

COBIiBGAL. I!0»eSS» 

Nature'^ CHemiafcrys— Chtmgesr -pvoSaoe^t By ChcmicaJ ObmbinA- 
tion — Atomic Constitution of Bodies — Laws of Combination 
— Combining Equivalents — Elective Affinity — Chemical 
Decomposition — Compound Character of Chemical Phe- 
nomena — Catalysis or action of Presence— Transformation 
of Organic Bodies — Organic Chemistry — Constancy of 
Combining Proportions— The Law of Volumes, the Law of 
Substitutions, Isomeric States, &c. 

All things on the earth are the result of chemical com- 
bination. The operations by which the commingling of 
molecules and the interchange of atoms take place, we 
can imitate in our laboratories; but in nature they 
proceed by slow degrees, and, in general, in our handk 
they are distinguished by suddenness of action. In 
nature chemical power is distributed over a long period 
of time, and the process of change is scarcely to be 
observed. By art we concentrate chemical force, and 
expend it in producing a change which occupies but a 
few hoTJtrs at most. Many of the more striking pheno- 
mena of nature are still mysterious to us, and prineipally 
because we do not, or cannot, take the element time 
into calculation. The geologist is compelled to do this 
to explain the progress of the formation of the crust of 
the earth, but the chemist rarely regards the efiFects of 
time in any of his operations. The chemical change 
which within the fissure of the rock is slowly and 
silently at work, displacing one element or molecule^ 



CBA]I€» OF CONDITIONS. 371 

and lepheixg it l^y aaotber^ is in all -prohakSStjr t^ 
opeanAisiBL a£ a truly geological period. Many^ howerer^ 
c^ the <AaBge» wMek are eonstaatly going oa aroimd i»^ 
are el a mnek more-rapid character^ and in these nature 
i»ii0 slower in mampcdatmg than the chemist. 

Had it beem that the dements which aare now firand 
in. cc»aibinatioa could exist in a free state^ the most 
disastFOus consequences* would necessarily ensue. There 
must faaiw heenaperiodwhenmaay of the combinatiims 
knowiif to us w^re not yet created. Their elemants 
eitliier existed in othev forms^ or were uncombined. 
Our rodEs are compounds of oxygen with certajn pecu- 
liar metals which unite with oxygen so rapidly that 
mcandeseenee is produced by their combination. Let us 
waqffoee that any of these metals existed in purity^ and 
ttat tibey were suddenly brought into- eontact with 
vater^ the atmospheric air^ or any body contaifling^ 
eaygen> the result would be a ecmyulsion of the most 
fibiarfiil hind; the entire mass of metal would glow with 
bitensity of heat^ and the impetuosity of the action would 
only be subdti^ when the whole of the metal had 
become oxidized. Volcanic action has been referred to 
BCHBie such cause as this^ but there is not sufficient 
evidence to support the hypothesis ; indeed^ it is con- 
tavary to the opmion of most philosophers.* Such a 
eanmtion may possibly have existed at one time> during 
Ibat period when darkness was upon the face of the 
deep^ when the earth was a chaos; but it is only adduced 
Ibeie as an^ example of the violent nature of some 
dMmicat (Ganges. Potassium thrown on water bursts 
nko flaime^ and sodium does so imder certain conditions. 
If these, or the metals proper in a state of fine division, 
are brought into an atmosphere of chlorine, the intensity 

* All the phenomena connected with volcanic action, and the 
theories connected therewith, will be found in Dr. Daubeny's 
work, A description of active and extinct Volcanoes^ of Earthquakes ^ 
€iMd of Thermal Springs, 1848. 
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of chemical action is so great that they become incan- 
descent^ many of them glowing with extreme brilliancy. 
If hydrogen gas is mixed with this element (chlorine) 
they unite, under the influence of light, with explosive 
violence, giving rise to a compound, muriatic add, which 
combines with water in an almost equally energetic 
manner. Nitrogen, as it exists in the atmosphere, 
mixed with oxygen, appears nearly inert ; with hydrogen 
it forms the pimgent compound, ammonia ; with carbon, 
the poisonous one, cyanogen, the base of prussic add ; 
with chlorine it gives rise to a fluid, oily in its appearance, 
but which, when merely touched by an unctuous body, 
explodes more violently than any other known com- 
pound, shivering whatever vessel it may be contained in, 
to atoms; with iodine it is only slightly less violent; 
and in certain combinations with silver, mercury, gold, 
or platinum, it produces fulminating compounds of the 
most dangerous character.* Here we have elements 
harmless when uncombined, exhibiting the most de- 
structive efiects if their combinations are at all disturbed; 
and in the other case we have inert masses produced 
from active and injurious agents. 

We regard a certain number of substances as ele- 
mentary ; that is to say, not being able, in the present 
state of our knowledge, to reduce them to any more 
simple condition, they are considered as the elements 
which by combination produce the variety of sub- 
stances found in the three kingdoms of nature. 

We have already spoken of the atomic constitution of 
bodies. It remains now to explain the simplidty and 
beauty which mark every variety of combination under 
chemical force. As a prominent and striking example, 
water is a compound of two gaseous bodies, oxygen and 
hydrogen : — 

If we decompose water by means of galvanic dec- 

* Graham's Elements of Chem'stry. New Edition. 
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tcksty^ <)r determine its compositiQiL by durecft chemical 
«Balyai&y we fshaU find it coneiBts of two vdlumes of hydro- 
gen gasy united to one volume of oxygen, 'or^ by weighty of 
one {wrt of bydrqgen comlmied with ei^t of oxygen, 
la 100 jiartB, therefore, we should find — 

Oxygen . ' . . . 88-9 
Hydrogen 110 

It 18 found in the same way that the theoretical weight 
of the atom of carbon is 6^ ,and that of nitrogen 14 ; 
whilst the atom of iron is 28^ that of silver 108^ of gold 
199j and that of platinum and iridium each 98.* Now/ 
as these are the relative weights of the ultimate in- 
divijdfale aiom^ it follows that all combinations must be 
€i£hf9r atom to atom, or one to two, three, or four ; hvA 
fliat in no case shoidd combination take place in any 
olihfir than a midtiple proportion of the equivalent or 
atomic number. This is found to be the case. Oxy- 
gen, for instance, combines as one, two, or tiaree 
atoniB ; its combination presenting some multiple of its 
efuiyalent number 8, as 16, or 24 : and in like manner 
l£e combining quantity of carbon is 6, or some multiple 
cf that number. Where this law is not found strictly 
to agnee with analytical results, of which some ex- 
amples are afforded by the sesquioxides, it may be 
iteibiited, without doubt, to some error of analysis or 
in Hie method of calculation. 

Kothing can be mcore perfect than the manner in 
which nature regulates the order of combination. We 
have no uncertain arrangement ; but, however great the 
umher ef the atoms of one element may be, over those 
tf aoclher, those only combine which are required, 
acaerding to this great natural law, to form the com- 
pouod^ Si the others still remaining free and imcom- 

* Onham's ElmmU i^ Chemistry ; and Brande's Manual 
T 



274 CHEMICAL AFFINITY. 

bined. These results certainly appear to prove that the 
elementary particles of matter are not of the same 
' specific gravities. Do they not also indicate that any 
alteration in the specific gravity of the atom would give 
rise to a new series of compounds, thus apparently pro- 
ducing a new element? Surely there is nothing 
irrational in the idea that the indJuences of heat or 
electricity, or of other powers of which as yet we know 
nothing, may be sufficient to efiect such changes in the 
atomic constituents of this earth. 

The combination of elementary atoms takes place 
under the influence of an unknown force which we are 
compelled to express by a figurative term, affinity. 
In some cases it would appear that the disposition of 
two bodies to imite, is determined by the electrical ccm- 
dition; but a closer examination of the question than 
it is possible to enter into in this place, clearly shows 
that some physical state, not electrical, influences com- 
bining power. 

Chemical affinity or attraction is the peculiar dispo- 
sition which one body has to imite with another. To 
give some instances in illustration. Water and spirit 
combine most readily : they have a strong affinity for 
each other. Water and oil repel each other : they have 
no affinity ; they will not enter into combination. If 
carbonate of potash is added to the spirit and water in 
sufficient quantity, the water is entirely separated, and 
the pure spirit will float over the hydrated potash. If 
potash is added to the oil and water, it combines with 
the oil, and, forming soap, they all unite together ; but, 
if we now add a little acid to the mixture, the potash 
will quit the oil to combine with the acid, and the oil 
wiU be repelled as before and float on the liquid. This 
has been called single elective affinity. These elections 
were regarded as constant, and chemists drew up tables 
for the purpose of showing the order in which these 
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decompositions occur.* Thus, ammonia^ it was shown^ 
-wofold separate sulplmric acid from magnesia^ lime 
remove it from ammonia, potash or soda from Ume, and 
barytes firom potash or soda. It was thought the 
inverse of this order would not take place^ but recent 
i^esearches have shown that the results are modified by 
q[aantity and some other conditions. 

It often happens that we have a compound action of 
this kind in wluch double election is indicated. Sul- 
phate of lime and carbonate of ammonia in solution are 
nooght together, and there result a carbonate of lime 
and a sulphate of ammonia. Now, in such cases 
nothing more than smgle elective attraction most 
nobablj occurs, and the carbonic acid is seized by the 
nme^ by the great affinity of that earth for carbonic 
add, only after it has been set free from the ammonia, 
md then, by the force of cohesion acting with the com-* 
bining powers, the insoluble salt is precipitated.t There 
is a cniious fact in connection with this decomposition. 
If carbonate of lune and sulphate of ammonia are mixed 
together dry, and exposed, in a closed vessel, to a red 
hiuik, sulphate of lime and carbonate of ammonia are 



* Of these tables of attraction tbe following may be taken as a 
specimen:— 

Sulphuric Acid. 
Baryta. 
Strontia. 
Potassa. 
Soda. 
Lime. 
Magnesia. 
Ammonia. 

U tfans appears that baryta separates sulphuric acid from its 
•OBpoancb with all inferior substances, and that ammonia is 
•parated from the acid by all that are above it. 

\ Bertbollet : Essai de Statique Chimique, 1803. Sir Humphry 
Dt?y, in his Elements of Chemical Philosophy ^ has given an ex- 
odlent review of the views of Bertbollet. 
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formed. Tkese <^oate efifects Jine not very easiljr ex.- 
j^ained. The actioii of lieat is to set bee tke earbonic 
acid ; and it can iealj be bf «u{^oasg that <)oiisideBahle 
differences of temperature zeTerse the Jaws of uSm^^ 
that we can at all naderstaiid this ^lenomenan. Iluit 
difGereait effiecte result at high tempeasttoTCS from ihoee 
which prevail at low t»iea, mceiit es:periiaeiitB pnyne to 
ufl^ particularly those cf Soutignjr, already quoted wken 
considerisg d^mposatioii by ca£m&c action. 

Under the term (AeHiiical aiffinity, which we regaxd as 
a fower adang at inaeiunble distances, msA ftfodimskag a 
change in bodies, we are cgntent to allow oBraekes te 
he&sve that we hsuFe €xplanfted the great operaitioBB <rf 
Batujpe. We find that the f^^etable and animal Idaig- 
doofts are composed of carbon, hydrogen^ osygen, aaid 
nitrogen. The granite mountaiiis of tiieearA, and its 
limestcme hilk^ and all its other geolo^cal fhnmntinni, 
ane found to be aaetals and oxygen, and GuAom, and 
solj^rar^ disposed to aettie iib harmonious nnifln in thor 
{HTC^per places 1^ ch^nical affinity. Bat what nsattfis 
the power wMdi combioes atom to atom^ and mutes 
molecule to molecule? Cun we refer the prooeaa to 
heat ? The influence of caloric, although by changing 
the form of bodies it sometimes assists combiuation, is 
to be regarded rather as in antagonism to the power of 
cohesion. Can it be thought that electricity is active m 
producing the result? Bsruntg every change of state^ 
those phenomena which we term electrical are mani- 
fested ; but we thereby only prove the general diffusion 
of the electric principle, and by no means show that 
electricity is the cause of the chemical change. Can 
light determine these change? It is evident, although 
light may be -a distorbiDg power, that it examat he tibe 
effective one ; for many of these decomposkionB and re- 
compositions are constantly going on within the daik 
and silent depths of the earth, to which a sunbeam 
cannot reach. That the excitation on the surfeKse of ^ 
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eKTtb, prodoeed bj adar inftoeiiee, maj modify those 
ckmges, is probable. It iiy hawcrer, cotam that we 
HMt rcgaiid ail naiiifeslaliozis cf diemical foarce as 
d^emdent npcB some secret prinexpks oommon to all 
Blatter, diffnaed thioi^hoiit tioe Tsniyerse, but modified 
hy the influences of the known imponderable eleBtenta, 
and \n the medMnical force of a^regative attraction. 

Bod]0i undergo remarkable chouses of form, and 
prareBt Yerf different cktracters, hy reactions, which 
me at aenaral kinds. We srsppose that a permanent 
cornaenkr anrangKneiEt is maintaiBed so long as the 
enotilniim of ^se mokcolar forces is undisturbed. 
Water, for instance, remains unchanged so long as the 
hilanrr of affinity is kept up between the oxygen and 
hjdifuguu of which it is composed, or so long as the 
mcjBatioDB of ftree between these combining elements 
■e equal; bat disturb this ioTce, or set up a new 
Hbntarj action, as by pantii^ an electric current 
tiimwgfc the water, or by presenting another body, which 
haatiie power of reacting upon one of these c<»rpuscular 
■fBluuB,andthe wateria decomposed, the hydrogen and 
oxygen gases being set 6ee, or one alone is liberated, 
ana Ike oibcar combmed with the moleeules (tf the agent 
eif luj! edy and a new compoond produced. This is 
dwnnatry, by which science we fiscover all the oxn- 
knations of matter. 

Hsfing reason to condnde that atom combines with 
atDH, necocding to a system most harmomouriy arrai^ed, 
Aoe can be no difficulty in comceiTing that molecule 
unites with molecule, in a manner regulated by some 
eqmtty weU-marked law. It was, indeed, a diseorery 
bf Weniel, of Friboua^, that, in salts whidi decompose 
eadi otiher, the acid idiii^ saturates one base will also 
laftantethe other base; and the subsequent obserrations 
of Bicbter, of Berlin, who attached proportional num. 
ban to Ae acids and bases, and who remarked that the 
aeotrality of metallic salts does not chai^ during the 
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precipitation of metals by each other, wliich led the way 
to the atomic theory of Dr. Dalton, to whom entirely 
belongs the observation, that the equivalent of a com- 
pound body is the sum of the equivalents of its consti- 
tuents, and the discovery of combination in multiple 
proportions. 

The elements of a molecule can take a new arraoge- 
ment amongst themselves, without any alteration in tiie 
number of the atoms or of their weight, and thus give 
rise to a body of a different form and colour, althouj^ 
possessing the same chemical constitution. This is the 
case with many of the organic compounds of carbon and 
hydrogen. 

The elements of a compound may be disassociated, 
and thus the dissimilar substances of which it is com- 
posed set free. A piece of chalk exposed to heat is, by 
the disturbance of its molecular arrangement, cluo^ged 
in its nature ; a gaseous body, carbonic add, is liberated, 
and quick-lime (oxide of calcimn) is' left behind. If 
this carbonic acid is passed through red-hot metal tubeSi 
or brought in contact with heated potassium, it is re- 
solved into oxygen and charcoal — the oxygen com- 
bining with the metal employed. The oxide of calciiim 
(lime), if subjected to the action of a powerful galvanic 
current, is converted into oxygen and a metal, calcium. 
Thus we learn tjiat chalk is a body consisting of two 
compound molecules, — carbonic acid, which is formed 
by the combination of an atom of carbon with two atoms 
of oxygen, — and lime, which results from the union of 
an atom of calcium with one of oxygen. 

The condition requisite to the production of chemical 
action between bodies is that they should be dissimilar. 
Two elementary atoms are placed within the spheres of 
each other's influences, and a compound molecule 
results. Oxygen and hydrogen form water; oxygen 
and carbon give rise to carbonic acid; nitrogen and 
hydrogen unite to form ammonia; and chlorine and 
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bydrogea to produce hydrochloric acid. In all these 
cases an extmial force is required to bring the atoms 
within the range of mutual a£Snity : flame^ — the electrical 
spark, — actinism^ — or the interposition of a third body, 
is necessary in each case. There are other examples in 
which no such influence is required. Potassium and 
oxygen instantly unite : chlorine, iodine, and bromine 
immediately, and with much violence, combine with the 
metals to form chlorides, iodides, or bromides. 

With compound molecules the action is in many 
cases equally active, and combination is readily effected, 
aa in tiie cases of the adds and the oxides of some 
metals^ which are all instances of the most common 
ffliflm^^ attraction. 

An elementary or simple molecule and molecules of a 
oompcmnd and different constitution are brought 
tc^gether, and a new compound results &om an inter- 
cnange of their atoms, whilst an element is liberated. 
These are essentially illustrations of analytical che- 
nustxT. Sulphuretted hydrogen is mixed with chlorine ; 
the oilorine combines with the hydrogen, and sulphur 
is set free. Potassium is put into water, and it com- 
bines with the oxygen of the water, whilst the hydrogen 
IS liberated. 

Two compound molecules being brought together 
voMj decompose each other, and form two new com- 
poands by an interchange of their elements. 

One element may be substituted for another under 
oertain circumstances. Gold may be replaced by 
mereory ; copper will take the place of silver ; and iron 
win occasion me separation of copper from its solutions, 
the iron itself being dissolved to supply its place ; 
dlorine will substitute hydrogen in the carburetted 
kydrogen gases; and many other examples might be 
aoduc^. 

Chemical phenomena very frequently become of a 
complex character ; and one, two, or three of these cases 
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may be occnning at the some tune in the deeompcHtkn 
of cme Gomponnd by another. Sueb are- the gennl 
features- of ehemieal scsence. Muiy pecidiaritie» mi 
remarkable phenomena oonnectedf with chemieal inMstb- 
gations will be named, ae the examination oi At de- 
mentarj composition of matter ie proceeded with; hoE^ 
although the philoBoph;- of chemical action; is of Afr 
highest interest^ it must not be allowed to^ iubm'n 
with its details^ which are^ indeed^ more in acendaufr 
with a treatise on the science than one whish pralowfr 
to do no more than s^etcb out those- pwrailing wti 
striking features which^ whiht tliey ehicidate the pat . 
truths of natm*e^ are capaUe ol bemg employed as lag^ 
gestive examples of the tendency of acientifie iuniiilgi 
tion to enliEurge the boundaries of thought, and! gm a 
greater deration to the mind, leading ns firaea tte 
merely mechanical' process^ of analysis up to tbe-gMt 
synthetical operations, by which all that is fonmi w/m 
the earth for its ornament, or our neeesaties, ivcroM 
Among the most remarkable phenomena witfai» lie 
ruige of physical chemistry are those of Cataiffsis, or,M 
it has also been called, the ^' Action of preseitee.'^ 
Thereare a certain number of bodies known to>i 



* OneertameombiruOikmso/anewaeid^/ormedqfJxotB, 
and Owygen; by J. Pelouze. Translated from Annales de Chiiiiie,.YQl 
xvi., for Scientilic Memoirs, vol. i. p. 470. Some ideag qf ^wm 
force acting in the combinations of Organic Compoundsi by fi•^^ 
Hus: Annaies de Chimie, vol. Ixi. The conclnsion eometobj 
this eminent chemist is expressed in the following trannlntiim •— 
" This new power, hitherto unknown, is common both in (RgMV 
and inoraanic natuie. 1 do not believe tiiat it is & ^wer wliak 
is entirely independent of the electro-chemical afSnities of tbt 
substance. I believe, on the contrary, that it is merely a n0V 
fbrm of it; but so long as we do not see their oonneetkmtfi 
mutual dependence, it will be more convenient to desciiiw itlf i 
separate name. I shall, therefore, call it catalytic power: IsluA 
also csdl catalysiSj the decomposition of bodies by this fbrot-Jn 
the same way as the decomposition of bodies by ohemioal afBiiitJ 
is termed analysis. 
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ftc power of resolying compomids inta new forms, 
iRfthoot imdergQiiig^ any change tliemselyes. Kirehoff 
cSBOovered' Aat the presence of an acid> at a certain; 
temperature^ converted starch into sugar and gnm^ no" 
commxxfition with the add taking place. Thenard foimd 
ihat manganese^ plathimn^ gold^ and silver^ and^ indeed^ 
abnoBt wxjr solid orgimie body^ had the power of decom- 
-pemag Ifce binexide of hyirogen bjr their presence 
merefy^ no aetion being detected on these bodies. 
EAanmd Davy found Aat powdered platinum, moistaied 
with alcohol, became red-hot, fired the spirit, and con- 
certed it into vinegar, without undergoing, itself, any 
c£emical change. Dcebereiner next discovered that 
reangy platinum fired a current of hydrogen gas 
Cne^bed upon it, which, by combining with the oxygen 
of ffae axF, formed water. Dulong and Thenard traced 
Ike same property, differing' only in degree, through 
ixidiinB, osminm, jmlladimn, gold, silver, and even glass. 
Vorther investigation has extended the nmnber of 
lUtaBLces ; and it has even been found that a polished 
plate of platinum has the power of condensing hydrogen 
aari' oxygen so forcibly upon its smfface, that these gases 
are drawn into combination and form water, with a 
development of heat sufficient to ignite the metal. 

This power, whatever it may be, is common in both 
mgsaaic and inorganic nature^ and eit its important pur- 
poses BerzeliuB has the following remarks : — 

* This power gives rise to numerous applications in 
CErganic nature ; thus, it is only around the eyes of the 
fofcato £hat diastase exists : it is by means of catalytic 
power tiuit diastase, and that starch, whieh are insoluble, 
are converted into sugar and into gum, which, being 
■ohible^ fonu the sap that rises in the germs of the 
petato.. This evident example of the action of catalytic 
jfemvB in aa organic secretion,, is not, probably,, the onljF 
one in the anunal and vegetable kingdom, and it may 
hereafter be discovered that it is by an action analogous 
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to that of catalytie power^ that the secretion of such 
diflferent bodies is produced, all which are supplied by 
the same matter, the sap in plants, and the blood iu 
animals/'^ 

It is, without doubt, to this peculiar agency that we 
must attribute the ab^ormaI actions produced in tiie 
blood of living animals by the addition of any gaseous 
miasma or putrid matter, of which we have, in aU pro- 
bability, a fearful example in the progress of Asatic 
cholera; therefore the study of its phenomena becomies 
an important part of pubUc hygiene. 

Physical research has proved to us that all bodies 
have peculiar powers, by which they condense wiUi 
varying degrees of force gases and vapours upon their 
surfaces ; every body in natiure may, indeed, be r^arded 
as forming its own peculiar atmosphere. To this power, 
in all probability, does catalysis belong. Different 
views have, however, prevailed on this subject, and Dr. 
Lyon Playfairt argues that the catalytic force is merely 
a modified form of chemical affinity, exerted under 
peculiar conditions. 

Whatever may be the power producing chemical 
change, it acts in conformity with some fixed laws, and 



* Berzelius : Annales de Chimie, vol. 1^. 

t On Transformations produced by Catalytic Bodies : by Lyon 
Playfair, Esq.; Phil. Mag., vol. xxxi. p. 191, 1847.— "Facts have 
heen brought forward to show that there is at least as much pro- 
hability in the view that the catalytic force is merely a modified 
form of chemical affinity exerted under peculiar conditions, as 
there is in ascribing it to an unknown power, or to the commn- 
nication of an intestine motion to the atoms of a complex mole- 
cule. Numerous cases have been cited, in which the action 
results when the assisting or catalytic body is not in a state of 
change; and attempts have been made to prove, by new experi- 
ments, that the catalytic power exercises its peculiar power by 
acting in the same direction as the body decomposing, or entering 
into union, but under conditions in winch its own amnity cannot 
always be gratified." 
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in all its transmutations^ an obedience to a most har- 
monious system is apparent. 

It is curious to observe the remarkable character 
of many of these natural transmutations of matter^ but 
we must content ourselves with a few examples only. 
For instance: — 

Sugar^ oxalic acid, and citric acid are very unlike 
each other, yet they are composed of the same elements ; 
the first is used as a general condiment, the second is a 
destroctive poison, and the third a grateM and healthful 
acid : sugar is readily converted into oxalic acid, and in 
the process of ripening fruits nature herself converts 
citric acid into sugar. Again, starch, sugar, and gum 
would scarcely be regarded as alike, yet their only difie- 
renoe is in the mode in which carbon, hydrogen, and 
oiygen combine. They are composed of the same prin- 
dplcBy in the following proportions : — 

Carbon. Hydrogen. Oxygen* 
Starch . . 12 — 10 — 10 

Sugar . 12 — 11 — 11 

Gum . . . 12 — 11 — 11 

These isomeric groups certainly indicate some law 
of affinity which science has not yet discovered. 
Similar and even more remarkable instances might be 
adduced of the same elements producing compounds 
very unlike each* other; but the above have been 
selected from their well-known characters. Indeed, we 
may state with truth that all the varieties of the vege- 
taUe world — ^their woody fibre — their acid or alkalme 
juices — the various exudatipns of plants — ^their flowers, 
tmt, and seeds, and the numerous products which, by 
ar^ they are made to yield for the uses of man, are, all 
of them, compounds of these three elements, differing 
only in the proportions in which they are combined 
wifh nitrogen, or in some peculiar change of state in 
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cxieorother of tbe etenentaay priaeij^cak The chemist 
is now enabled by simple pFOcesse»^ iteim the rfHaae of 
maiEa&etories tor proebace iraxtr essences whidi are 
eqnak in flavour t& the oAtnial ppodnetioii ; aoilirom 
henaoic aeid^ ifhich is obtained m. great ahiiBLdaBciefrom. 
the houses in which cows are kept^ the most dtoiicate 
essences are produced^ which toe given to the wcali as 
the distillations of a thousand flowers. By the- nfrise 
g^Nien, to» organic chenustrj by liebig^ our kno^iirtei^ ef 
tbe- dknaost in^mte variety of sdb»taraees> ia p h yai ea i 
diavaeter exceedLngly dissiimlap^ whidi; result frovi tiie 
ooiDbi<aation of oxy ge»^ hy drogeix^ and earbos, ia iwrymg 
feofOTtiow^ has been lai^ly iEiereasedL Ani Ae 
sessnce is now in that state whsehahaost eaiises a regfet 
that; any new organie ccnnpeunds aiie«ild be diaeomed^ 
natil soiae indBstrio>as; v^i ha» midertaken the taak ef 
reducing to a good general clas&ifieatiod the imjweiiHfc 
mass of valuable matter which has been accumulated^ 
but which^ for all. practical purposes^ remains, neariy use- 
less and unintelligible. 

These combinations, almost infinitely varied as they 
are, and so readily produced and multiplied as to be 
nearfy at the will of the organic analyst, are notj^ any of 
them, accidental : they are the resiilt of ceptaih lawa^ 
and atom has united with atom in direct obedience to 
principfes which have been through all time in active 
operation. They are unknown; the researches of 
science have not yet developed them, and the philosopher 
has not yet made his deductions. They are to be re- 
ferred to some secret fixed prmciples of action, to a Ibrce 
which has impressed upon every atom of the universe its 
distinguishing character. Chemistry makes us familnr 
with a system of order. The researches of analysts 
have proved that every body has a particular law of com- 
bination, to which it is boimd by a mathematical pre- 
cision j but it is not proportional combination alone we 
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live to coBflidBr. If ntteirs^^ is ievidenoed in the 
mimeni world, it k •eertaiiiily fax more fitrikingly mani- 
&gted in the vegetable and aoimal kingdoms. 

Iliere jure some cases in wiiidi bodies appear to .<xan- 
iime vi&out any limitatioii, as spirit of wine and water, 
^yhijyn^. BcsA asd Water; but these must be con- 
I lOoaditMiiis of lEBsdiKre ]»,ther than of chenii^ 



Hie ^CQUipaskkm of bodies is £xed and inyariable^ 

a«d a 4xniipoiuid substance, so long as it retains its 

duasdorifltK pix)pei!ties, must consist of the same 

dements united m the same proportions. Thns, snl- 

{kiuic add is invacLably composed of 16 parts of sulphur 

and 24 parts of oxygen. Chalk, whether formed' by 

aatare or by the qihemist, yields 4&'71 parts of carbonic 

add, and 56*29 parts of lime. The rust which forms 

npcm the surface of iron by the action of the atmosphere, 

18 as iiMEariable in its composition as if it had been 

formed by the most deHcate adjustment of weight by 

the most accurate manipulator, being 28 parts of iron 

and 12 parts of os^gen. This law is the basis of all 

Apwfiwil inquiry, all analytical inTtestigations depending 

Xfoa fke knowledge it ;afford8 us, that we can only pro- 

t certain undcr^iating xsompounds as the results of 

' decompositions. We are not in a position to offer 

' explanation which will account for these constant 

t in combination. The forces of cohesion and 

dattiaty have been advanced in explanation, .on the 

itaaagfli of the £eu^ that the solubility of a salt in water 

is aqgnlated by cohesion, Jtnd that of a gas by its 

Although it may appear that some cases of 

combination are due to these powers, — as, dSsff 

when .the union of oxalic a^ or sulphuric 

acid vith lime produces an insoluble .salt^ — -we oumot 

Ads <^flM" the constant proportions in which the 

netala, sulphur, oxygen, and similar bodies, unite. It 

i« qoite taeitain Hiere is a power or principle, whieSi we 
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have not yet reached^ upon which are dependent all the 
phenomena which we now embrace under the term 
chemical affinity. 

Another law teaches us that when compound bodies 
combine in more than one proportion^ every additional 
union represents a multiple of the combining propcnrtion 
of the &st. With the difficulty which arises fi^m tiie 
sub-multiple compounds we cannot deal : — ^further re- 
search may render their laws less obscure. We have 
seen that 8 parts of oxygen unite with 1 of hydrogen 
and 14 of nitrogen. It also unites with 110 otsdy&r, 
96 of platinum^ 40 of potassium, 36 of chlorine, and 
200 parts of mercury, giving rise to — 



Water . . . . 


. . . 9 


Nitrous oxide • 


. •• . 22 


Oxide of silver 


. 118 


Oxide of platinum . 


. 104 


Potash . . . 


48 


Oxide of chlorine . 


, 44 


Oxide of mercury • 

,' ._- • ^ 


. 208 



In these proportions, or in multiples of them, and in 
no others, will these bodies unite with the adds or other 
compounds. It will, of course, be understood that any 
other numbers may be adopted, provided they stand in 
the same relation to each other.* 

From the discovery of these harmonious arrangements 
was deduced the beautiful atomic theory to which allu- 
sion has been already made. Indeed, there does not 
appear to be any other way of explaiaing these phe- 
nomena than by the hypothesis that the ultimate atoms 
of bodies have relatively the weights ,which we arbi- 
trarily assign to them, as their combiaing quantities. 
These views are further confirmed by the fact, that 
gaseous bodies unite together by volume in very simple 
definite proportions: — 100 measures of hydrogen and 

* Consult Graham's Chemistry, On Combining Proportions. 
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200 measares of oxygen fonn water ; 100 measures of 

Sfgea and 100 measures of vapour of sulphur form 
phurons add gas. Ammoniaeal gas consists of 300 
Tolmnes of hydr^en and 100 volumes of nitrogen^ con- 
denaed .by combination into 200 volumes ; consequently^ 
we are enabled most readily to calculate the specific 
gravity of ammoniaeal gas. The specific gravity of 
nitrogen is 0-9722, that of hydrogen 00694. Now, 
three volumes of hydrogen are equal to 0*2082 : this 
added to 0*9722 is equal to 1*1804, which is exactly the 
ipecific gravity obtained by experiment. 

There is no doubt, firom the generality with which 
this law of volumes prevails, that it would be foimd to 
eitend through all substances, provided they could be 
tendered gaseous; in other words, there is abundant 
jffoof to convince us that throughout nature the process 
of combination, ui the most simple ratio of volumes, is 
in operation to produce all the forms of matter known 
tons. 

It has been shown, by the investigations of Dr. Dal- 
ton, in 1840, that salts, contaimng water of crystalli- 
ntioii, dissolve in water without increasing the bulk of 
die fluid more than is due to the liquefaction of the 
water which these salts contain ; while Joule and Flay- 
fidr liave shown that the anhydrous salts take up no 
w/moe in solution. From this we are naturally led to 
oonctiide that the volume occupied by a salt in the solid 
itite has a certain relation to the volume of the same 
nit when in solution, and has also a fixed relation to 
the Tolnme occupied by any other salt. The law appears 
to be : — ^the atomic volume of any salt whatever (an- 
hydrous or hydrated) is a multiple of 1 1, or of a number 
11, or a multiple of 9*8 (the atomic volume of ice), 
or the sum of a multiple of 11 or 9*8. Marignac, who 
Wb also paid much attention to the subject, does not 
tlunk these nimibers absolutely correct, but approxi- 
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mately so.* It would he a VeautiM esemfdifiQatien of 
the simplicity of Nature^« operatioEis^ df it fihould be 
clearly proved that the atomic volume of solid water 
(ice) regulated the oowiJbiniiig proportkms by vohme of 
all atiaiex bodies^ — ^that it was the standard by wiudbL 
dusBKical c(»EibiJQkation and ordinary sobitiom ^nace 
determined. 

In addition to the laws tabeady indicated^ these iq^pear 
to be some others of which^ as yet^ we have a leas aatis- 
£EU!tory knowledge^ and^ as a remidkable caae^ we mKf 
adduce the phenomena of subsUtutum, or that fower 
which an elementary body^ under <xrtain (Cond^fifins^ 
possesses^ of turning out one of the elements of m, com- 
pound, and of taking its placet Thus^ liie bydmgea 

* Memoir on Atomic Volwne and Specific Oramiy. Messrs. 
Lyon Hayfair and Joule. — ^Pbilosophioal Magazine, vdl. xxrlL p. 
4S3, or Transactions of Ohemical Society of London. fUmmmiimi 
on tlie above, by Professor de Marignac.— Bibliotbeque Univer- 
selle, Feb. 1846. On the Relation of the Volumes of todies iu the 
solid state, to their equivalents, or atomic weights : by Ptofessor 
Otto. Studies on the connection between the atomic weiffkis, 
crystalline form, and density of bodies : by M. Filbol. Trmnsktod 
for tbe Gavendisb Society, and published in their Chemiosl 
Eeports and Memoirs. 

f Comptes Rendiis de VAcadSmie des Sciences, 1840, No. 
5. A good translation of Dumas's Memoir appeared in the Fbilo- 
sophioal Magazine, from which I extract the following familiar ex- 
position of the laws of substitution : — '' Let me make a comparisoB 
drawn from a familiar order of ideas. Let us put ourselves in the 
place of a man overlooking a game at chess without the slightest 
knowledge . of the game. He would soon remark that the pieces 
must 1)6 used according to positive rules. In chemistry, the 
equivalents are our pieces, and the law of substitutions one of the 
rules which preside over their moves. And as in the oblique 
move of the pawns one pawn must be substituted for another, so 
in the phenomeua of substitution one element must take the place 
of another. But this does not hinder the pawn from advancing 
without taking anything, as the law of substitution does not hinder 
an elemeut from actiug on a body without displacing or laid] 
the place of any other element that it may contain."— Jfonotr 
the Law of Substitutions, and Theory of Chemical Types. 
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of a eompoimd nMfieal, mm carboretted hydrogen, loay be 
fCflmoBd bf ckiaxime, «qiiiyaleiit for equiFalmty and 
Sim, a ddoride «f carbon, wbich being oooslzuoted on 
ilie flame tjpe as the cungiiial, wiU bare the same g^ieral 
kiro of oombiiiaikm. 

Uflydsr the inflnffl>ne of these ]aw8,j all the oombmatioiiB 
which ne duoover in nature take place. The n^etak^ 
and oagrgen, and anlphnr^ and phosphorus unite. The 
^mente of the organic type^ entering into the dosest 
rdatioiifl^ give rise to every £9rm of v^etable life. The 
addfl, ifae gnma, the resins^ and the sugar whidi plants 
ptodnct} and tiioae yet more complicated animal sub- 
nhmmy boney muacle, bloody and bile ; album^i^ casein^ 
milky willL those ocmipounds which^ under the influence 
of vital power^ resolve themsdves into substances which 
ne eflwential to the existence^ healthy and beauty of the 
aninial ftbrie^ are all dependent on these laws. But 
theae metamorphoses must be further considered in oiir 
ODuaiinatkm of the more striking cases of chemical 
action. The changes which result from organic combi- 
natioEL are so remarkable^ and with^ they diow how 
oompktely the whole of the material woild is in sub- 
jeotioii to chemical force^ and every variety of form the 
nnlt of mysterious combination^ that some particular 
idereiice to these metamorphoses is demanded. 

la nearly all cases of decided chemical action^ all 
trace of the characters of the combining bodies dis- 
npear. We say d^ded chemical action, because^ 
MJimiEh sidphuric acid and water combine^ and salts 
tmdtve in water, we may always recognize their 
nnenoe, and thereford these and similar cases cannot 
be regarded as strict examples of the phenomena undor 
eoBiideratioiu 

Hy drogioi and oxygen, in combining, lose their gaseous 
fonna, and are condensed into a liquid — ^water. Sul- 
phuric acid is intensely sour and ccnrrosive; potash is 
kig^y caustic; but united they form a salt which is 

u 
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neither: they appear to have destroyed the difltingnisTiing 
characters of each other. Combined bodies fireqnently 
occupy less space than they did previously to combinatian, 
<tf which numerous particular instances might be adduced. 
Gases in many cases undergo a remarkable condi^isation 
when chemically combined. In slaking lime^ the water 
ISeoomes solid in the molecules of the hydrate of lime 
£»rmed, aud the intense heat produced arises from the 
liberation of that caloric which had been employed to 
keep the water liquid. When a solid passes into the 
liquid state^ cold is produced by the abstraction fixnn 
surrounding objects of the heat required to effect fluidily. 
An alteration of temperature occurs whenever chemiod 
change takes place^ as we have ah*eady shown, with a 
few trivial and uncertain exceptions. The disturbfince 
caused by the exercise of the force of affinity firequentiiy 
leads to the development of several physical powers. 

Changes of colour commonly arise; indeed^ these 
does not appear to be any relation between the colour of 
a compound and that of its elements. Iodine is of a 
deep iron-grey colour ; its vapour is violet ; yet it forms 
beautifully white salts with the alkalies, a splendid red 
salt with mercury, and a yellow one with lead. The 
salts of iron vary from white and yellow to green and 
dark brown. Those of copper, a red metal, are of a 
beautifrd blue and green colour, and the anhydrous 
sulphate is white. 

Isomorphism, which appears in a very remarkable 
manner among the organic compounds, has, under the 
head of crystaUization, already had our attention. There 
is also a class of bodies which are said to be isomeric; 
that is, to have the same composition, although different 
in their physical characters. But the idea that bodies 
exist, which, although of a decidedly different external 
character, are of exactly the same chemical composition 
and physical condition, is not tenable ; and in nearly all 
the examples which have been careftdly examined, a 
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difference in the aggregate number of atoms^ or in the 
mode in which those atoms have respectively arranged 
themselveg, or that peculiar physical difference desig- 
nated by the term tdhtropy, has been detected. 

Oil of turpentine and oU of lemons have the same 
•compoatian, each being composed of five equivalents of 
carbon and four of hydrogen. These substances form^ 
firom the striking difference perceptible in their external 
charactert^ a good example of isomerism. 

The laws of oiganic chemistry are not^ however^ the 
flame as fliose applying to inorganic combinations. Or- 
ganic chemistry is well defin^ by Liebig^ as the che- 
mistry of compound radicals'; and under the influence 
of vitality^ nature produces compounds which hjkve all 
the pocoperties of simple elements.* 

When we reflect upon the conditions which prevail 
dnonghout nature^ with a few of which only has science 
Blade US acquainted, we cannot fail to be struck with 
the vanouB phases of being which are presented to our 
ob8ervati0n, and the harmonious system upon which 
they all appear to depend. 

When we discover that bodies are formed of certain 
determinate atoms, which unite one with another, ac» 
coarding to an arithmetical system, to form molecules, 
which, combining with molecules, observe a similar law, 
we see at once that all the harmonies of chemical combi- 
nation — ^the definite proportions, laws of volume, and 
the like — are but the necessary consequences of these 
«mple and guiding first principles. In the pursuit of 
truth, investigators must discover still farther arrange- 
loents, which, firom their perfection, may be compared 
to the melodious interblending of sweet sounds, and 



ft 

1 



* Liebig*s Chemistry in its application to Agriculture and 
Vhfsioiogf: translated by Lyon Playfair, Ph. D. /Inimal 
CkemiMtry, or Chemistry in its application to Physiology and 
Pathologff : by Justus Liebig; translated by Wm. Giegory. 
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jBOxaj of the apparently mdetermmftte combimtaflfiis will^ 
beyond a dcmbt^ be skownto be as definite as any others. 
But we cannot reflect iqpon the feict that'tlme atoms 
and these molecnles are guided in Iheir oombmatkms by 
impolses^ which we can only ex^ain by referenee to- 
human passions^ as the term elective mffhdig impiieB^ 
without feelii^ that an impenetrable mystery of a grand 
and startling character in its manifestations sunroonds 
each grain of dust which is huimd al<Mig upon iS^ 
wind. 

We now^ habitnally^ speak of attraction and r^mlskm 
— of the affinity and non-affinity of bodies. We are 
disposed^ from the discorery of the attractive and le- 
peUing poles of electrified substances^ to r<^ard tihese^ 
powers in all cases as depending upon some ^ectneal 
xstate^ and we write learnedly upon the laws of these- 
fiDsrces. After all^ it would be more iHMiest to admits 
tihat we know no more of the secret impukea whieh 
regulate the combinations of matter^ than did those 
who satisfied themselves by referring all phanomena of 
these kinds to sympathies and antipathies : terms whidi 
have a poetic meaning, conveying to the minid^ with 
considerable distinctness, the fact, and giving the idea 
of a feeling — a passion — ^involving and directing in- 
animate matter, similar to that which stirs the human 
heart, and certainly calculated to convey the impression 
that there is working within all things a living principle, 
and pointing, indeed, to '^the soul of the wcwrld/^ The 
animated marble of ancient story is far less wofnderM 
than the fact, proved by investigation, that every atom 
of matter is penetrated by a principle which directs its 
movements and orders its positions, and involved by an 
influence which extends, without limits, to all other 
atoms, and which determines their imion, or otherwise. 

We have gravitation, drawing all matter to a common 
centre, and acting jfrom all bodies throughout the wide 
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leffODB of nnnMwaired space upon all. We have co- 
liCBifln^ holding tlie particles of matter enchained^ ope- 
ratiag only at distances too minute fiy the mathematician 
te mfiflBoare ; and we have chemical attraction, different 
firmn either of these, working no less mysteriously within 
abaolBtely insensible distances, and, by the ^Lercise of 
its oee«It power, giiing determinate and fixed forms to 
eneij land (^matenail creation. 

The oprkoal bcjinga, which the poet of untutored 

nature gave to the forest, to the valley, and to the 

WMinntaan, to the lalLC, to the river, and to the ocean, 

woridng within thesr secret offices^ and moulding; for 

the beautiful or the sublime, are but the weak 

; of a finite mind, although tb^ have for ua a 

lAich all mai unconsciously ooey, even when 

ihey refuse to confess it. They are like the result of 

Hm labours of the statuary, who, in his high dreams ci 

lone and aubfimated beanfy, creates fixmi the marble 

Uock ft figure (tf the most exquisite moulding which 

wnaea life. It charms us for a season; we gaae and 

Ijaae itgaiii^ and its first charms vanish ; it is ever and 

ever itiHth^ same dead heap <^ chiselled sWe. Ithasnot 

the power .of presenting to our wearying eyes the change 

whidh life alone enables matter to give ; and we admit 

the excellence of the artist, but we cease to feel at his 

work. The creations of poetry are pleasing, but tljey 

never affect the mind in the way in which the poetic 

lealities of nature do. The sylph moistening a lily is 

a sweet dream ; but the thoughts which rise when first 

we learn that its broad and beautiful dark-green leaves, 

and its pure and delicate flower, are the results of the 

alchemy which changes gross particles of matter into 

lymmetric forms,— of a power which is imceasingly at 

work under the guidance of light, heat, and electrical 

f<nroe, — are, after our incredulity has passed away — ^for 

it is too wonderftd for the imtutored to believe at once 

*— of an exalting character. 
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The flower has grown under the impulse of principles 
which have traversed to it on the solar beam^ and min- 
gled with its substance. A stone is merely a stone to 
most men. But within the interstices of the stone, and 
involving it like an atmosphere, are great and mighty- 
influences, powers which are fearful in their grander 
operations, and wonderftd in their gentler developments. 
The stone and the flower hold, locked up in their re- 
cesses, the three great known forces — flight, heat, and 
electricity : and, in all probability, others of a more 
exalted nature still, to winch these powers are but sub- 
ordinate agents. Such are the facts of science, which, 
indeed, are the true " sermons in stones," and the most 
musical of " tongues in trees." How weak are the crea- 
tions of romance, when viewed beside the discoveries of 
science ! One a^ords matter for meditation, and gives 
rise to thoughts of a most ennobling character ; the other 
excites for a moment, and leaves the mind vacant or dis- 
eased. The former, like the atmosphere, furnishes a 
constant supply of the most healthful matter; the latter 
gives an unnatural stimulus, which compels a renewal 
of the same kind of excitement, to maintain the conti- 
nuation of its pleasurable sensations. 
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CHAPTER XII. 

CHEMICAL PHENOMENA. 

Water— Its Gonstitaents — Oxygen — Hydrogen — ^Peroxide of Hy- 
drogen— Physloal Property of Water — Ice — Sea Water— 
Chlorine— Muriatlo Acid — ^Iodine — Bromine — Compounds of 
Hydrogen with Carhon — Combustion — ^Flame — Safety Lamp 
— Respiration — Anim^ Heat — The Atmosphere— Carbonic 
Acid— Influence of Plants on the Air— ChemiciQ Phenomena 
of Vegetation — Compounds of Nitrogen — Mineral Kingdom, 
Ao.&o« 

I Without attempting anything which shall approach 
e?en to the character of a sketch of chemical science^ 
we may be allowed, in our search after exalting truths, 
to sele^ such examples of the results of combination as 
may serve to elucidate any of the facts connected with 
natural phenomena. In doing this, by associating our 
examination with well-known natural objects or con- 
ditions, the interpretation a£Porded by analysis will be 
more evident, and the operation of the creative forces 
tendered more striking and familiar, particularly if at 
tlie same time we examine such physical conditions as 
aie allied in action, and are sufficiently explanatory of 
unportant features. 

A lai^e portion of this planet is covered by the waters 
of the ocean, of lakes and rivers. Water forms the best 
I means of communication between remote parts of the 
I earth. It is in every respect of the utmost importance 
I to the animal and vegetable kingdom ; and, indeed, it 
I is indispensable in all the great phenomena of the in- 

r ■" — - 
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in water are dependent upon its solvent powers. The 
waters of the ocean are saline from holding dissolved 
various saline compounds, which are received in part 
from, and imparted also to, the marine plants. Perfectly 
pure water is without taste : even the pleasant character 
of freshly-drawn spring- wator i» due to the adnuxture 
of atmospheric air and carbonic acid. The manner in 
which water absorbs air is evidently due to a peculiar 
physical attractive force, the value of which we do not 
at present clearly perceive or c(MTectly estimate. It is 
chemically composed o£ two volumes of hydrogea gas — 
ihe lightest bocty knowB, mad at the same tisse a lughly 
inflammable one — ^united with one volume of oor^en, 
which excites combustion^ and continues that action, — 
producing heat andlight^ — ^with great energy . By weight, 
one part of hydrogen is united with eight of oiygCB, or 
in 100 parts of water we find 88*9 oxygen, and 11*1 of 
hrpdrogen gas. That two such boAiea dbcR^ uule to 
fiinxish the moat refreshing lieverage, and indeed the 
only natural drink ibv mazi and aimnAy is ose d tibe 
extraordiaEKary facts of scknce. Hydrogen will not sup- 
port life — ^we cannot breathe it odA hve; and oxygen 
woidd over-stimulate the organic system, and, ^x)dneiDg 
a kind of combustion, give rise to fever in the animal 
frame; but, united, they form that drink, for a drep of 
which the Severed monarch would yield his diadem, and 
Ute dqarivation of which is one of the most horrid eaia- 
Bnties that can be inflicted upon any living thing. Water 
9!ppem as the antagonist principle to fire,, aad tiie 
ravages of the latter are quenched by tiie assuagiDg 
powers of the former; yet a mixture of oxygen and 
ifefdrogen gases> im the exact propartk)n in wUdh tfaey 
form water^ ei^ilodes with the utmost violence on the 
ooBlaci of flame, and, when judiciously arranged, prodnoea 
the most intense degree of heat known ; — such is the 
vemarkabfe difference between a merdy niedianical 
Bsixtuie and a chemical combination. Beycnd thk, we 
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liaTe abeac^ noticed tlie remarkable fact that water 
4ey ive 4 of air is exploave at a comparatively low tem- 
• perstme, less tibian 300^ ; gonpowd^ requiring a tem- 
pentnre of nearly 1000^ F. 

If we place in a ^be, oxygen and hydrc^n gases^ 
in the exact proportions in which they combine to form 
water, ihe^ remain without change of state. They 
•appear to mix intimately; and^ notwithstanding the 
•^fferenee in the specific gravities of the two gases^ the 
hghter one is diffiiraed through the heavier in a curions 
Hunner, agreeably to a law which has an important 
bearing on the conditions of atmospheric phenomena.* 
Hie moment, however^ that an incandescent body^ or 

4k Dr. Friestlfij ippears to bave been the first to observe the 
peculiar property of the diffusion of gases. Dr. Dalton, however, 
first drew attention to the important bearing of this fact on natural 
^i6namena,'8fid he published his views on The Miscibility <^ 
WMf in the Maachester Memoirs, vol. t. The following extract 
L Mb memoir On tkt ContHiution of the Atmosphere will exhibit 



It Biay be .worth while to contrast this view of the constitution 
of the atmosphere with the only other one, as far as I know, that 
bts been entertained. 



According to one view, 
1. Hie Tolumes of each gas 
frand at the surface of the earth 
«re proportional to the whole 
vdgfatB of the jespective atmos- 
phoes. 



Asote • • • 
Oxygen . 

Aqueous vapour 
Cu'bonic acid . 



101-43 
Aeeordiiig to one view, 
t. The altitude of each a^ 
aosphere differs from that of 
' other, and the proportions 




According to the other view, 

1. The volume of each gas 
found at the surface > of the 
earth, multiplied by its ^ecific 
gravity, is proportional to the 
whole weight of the respective 
atmospheres. 

Azote .... 76-6 
Oxygen .... 2^-4 
Aqueous valour . 083 
Carbonic acid . . 01 5 

100-88 
According to the other view, 

2. The altitude of each at- 
mosphere is the same, and the 
proportion of each in the com- 
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PEROXIDE OF HYDROGEN. 



the spark from an electric machine, is brought into 
contact with the mixed gases, they ignite, exflpAe vio- 
lently, and combine to form wat^. The discovery of • 
the composition of water was thus synthetically made 
by Cavendish— its constitution having been previoi i al^ 
theoretically amiounced by Watt.* 

If, instead of combining oxygen and hydrogen in the 
proportions in which they form water, we compd the 
hydrogen to combine with an additional equiyalent rf 
oxygen, we have a compound possessing many properties 
strikingly different from water. This — ^peroxide of hy- 
drogen, as it is called — ^is a colourless liquid, lev 
volatile than water, having a metallic taste. It is 
decomposed at a low temperature, and, at the boQing 
point, the oxygen escapes from it with sudb violence^ 
that something like an explosion ensues. All metali, 
except iron, tin, antimony, and tellurium, have a ten- 
dency to decompose this compound, and separate it into 
oxygen and water. Some metals are oxidized during 
the decomposition, but gold, silver, platinum, and a few 
others, still retain their metallic state. If either silver, 
lead, mercury, gold, platinum, manganese, or cobalt, in 



pound atmosphere, is the 
at all elevations. 



3. When two atmospbom 
are mixed, they continue to 
without the heavier manifestisff 
any disposition to separate ui 
descend from the lighter. 



of each in tlie compound at- 
mosphere gradually vary in the 
ascent. 

3. When two atmospheres 
are mixed, they take their places 
according to their specific gra- 
vity, not in separate strata, hut 
intermixedly. There is, how- 
ever, a separate stratum of the 
specifically lighter atmosphere 
at the summit over the other. 

* The discussion of this question, commenced by Arago inhb 
Eloge, was continued by Lord Brougham in his Lives of Wait ai 
Cavendish, and by Mr. Yemon Harcourt, in his address as Pnal- 
dent of the British Association, and more recentlv in his Letter H 
Lord Brougham. Watt's Letters on the subject have been 
published under the superintendence ot Mr. Muirhead. 
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their highest states of oxidation^ are put into a tnbe, 
containing this peroxide of hydrogen, its oxygen is 
hberated with the rapidity of an explosion, and so much 
heat is excited that the tube becomes red hot. These 
phenomena; to which we have already referred in 
noticing catalysis, are by no means satisfactorily ex- 
plained, and the peculiar bleaching property possessed 
by the peroxide of hydrogen sufficiently distinguishes 
it from water. There are few combinations which show 
more strikingly than this the difference arising &om 
the chemical union of an additional atom of one element. 
Similar instances are numerous in the range of chemi- 
cal science ; but scarcely any two exhibit such dissimilar 
properties. During the ordinary processes of combus- 
tion, it has been long known that water is formed by 
the combination of the hydrogen of the burning body 
with the oxygen of the air. The recent researches of 
Schonbein have shown that a peculiar body, which has 
been r^arded as a peroxide of hydrogen, to which he 
has given the name of Ozone, is produced at the same 
tfane, and that it is developed in a great many ways, 
particularly during electrical changes of the atmosphere* 
Thus we obtain evidence that this remarkable com- 
pound, which was considered as a chemical curiosity 
merdy, is diffused very generally through nature, and 
produced under a great variety of circumstances. 
Ihiring the excitation of an electrical machine, or the 
passage of a galvanic current through water by the 
oxidation of phosphorus, and probably in many similar 
processes — ^in particular those of combustion, and we 
may therefore infer ako of respiration — this body is 
fixrmed. From observations which have been made, it 
would appear that, during the night, when the activity 
of plants is not excited by light, they act upon the 
atmosphere in such a way as to produce this ozone ; and 
its presence is said to be indicated by its peculiar odour 
during the early hours of morning. We are not yet 
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acquainted with this body sufficieatly to speculate on its 
uses ia nature: iritbout doubt^ tliey are important^ 
p^haps second to those of water only. It is pcobahley 
•as we have already had occasion to remark, that oaone 
may be the active agent in remoying from the atmoa- 
phere those organic poisons to whid^ many forms of 
.pestilence are traceable; and it is a curious fact, that a 
low electrical intensity, and a consequent deficiency of 
atmospheric oscme, marks the prevaleiu^ of dhiolera, and 
an excess distinguishes the reign of influensa.* 

Some interesting researches i^pear to show the pro^ 
bability that ozone is simply oxygen in a state of hi^ 
activity. It has been found, ind^d, that perfectfy dry 
oxygen^ which will not bleach vegetable colours in tlK 
daJrik, acquires, by exposure to sunisihine, the power of 
destroying them. Becquerel has proved that* tins 
ozonous state may be produced in dry oxygen by pasa- 
ing a succession of electric sparks through it. Frennr 
passed the electric sparks on tiie outside of a tube whim 
-contained perfectly dry oxygen, and it was found to 
have acquired the properties of ozone. In this case, and 
probably in the experiments of Becquerel, the light of 
the spark, rather than the electricity, appears to have 
been the active agent in producing this chai^. Sehon- 
bein himself does not appear disposed to regard oosone 
as being either per-oxide of hydrogen, gt an allotro- 
pic oxygen. He leans to his first view of its being an 
entirety new chemical element. The energy of this 
ozone is so great, that it has been found to destroj 
almost instantaneously the Indian-ruUier union jointi 
^f the apparatus in which it is formed.t 

* See sereral papers On Ozone, \>j Professor Schonbein, m fte 
Philosophical Magazine, and in the Beports of the Britiflh 
Association. Consult a paper by the Author: Atkenmmn^ Sep 
tember, 1849. 

t Memoire swr VOzom ; Bale 1849. PoggendorflTs Annalm, 
JxxvH., p. 592. Ibid. Ixxviii. p. 162. 
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Water, fiom'the oonaideratian of which a digression, 
has been indnlged in, to ooxuader the cnrious diaracter 
of one of its dements, — ^water is one of the most 
powerfbl chemical agents, haTing a most extensive 
nmge of affinities, entering directly into the oompositioiL 
of a great many crystalliiaihle bodies and organic com- 
poondk In those cases where it is not combined as 
water, its elements often exist in the proportions in 
whidi water is fanned. Gnm, starch, and sugar, only 
diffisr fnm each other in the prop(»iions in which the* 
dementaof water are combined with the carbon. 

In saline ccmibinations, and also in many organic 
finna, we mast regard the water as condensed to the 
solid finrn ; that is, to exist as ice. We weU know that, 
hy tlie mbatzEction of heat, this condition is produced ; 
fast, in chenical oomfainaticms, this change must be the 
veaalt of the mechanical force exerted by the power of 
the agency directing affinity. 

Im ike case of water passing from a liquid to a solid 
stet^ we ha?e a most beantifdl exemplification of the 
pttfaetion of natural operations. Water conducts heat 
dQfwnwaxda but very dowiy ; a mass of ice will remain 
vad&Molmlhfut a few indies under water, on the sur&ce 
of irhidiy ether, or any other inflammaUe body, is 
baming. If ice (soHd water) swam beneath the sui&ce, 
the nmmer sun would scarcdy have power to thaw it ; 
and tims our lakes and seas would be gradually con- 
verted into sdid masses at our ordinary winter tem- 



AU similar bodies contract equally during the pro- 
I of cooling, from the highest to the lowest points to 
wUch the experiments have beai carried. It has been 
thought that if this applied to water, the result would be 
the sudden oonsolidatiGn of the whole mass. A modi- 
fication of the law has been supposed to take place to 
the peculiar drcumstanoes of water. Nature 
' modifies a law for a particolar purpose ; we must^ 
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therefore, seek to explain the action of the formation 
of ice, as we know it, by some more rational view. 

Water expands by heat, and contracts by cold ; con- 
sequently, the coldest portions of this body occupy Ihe 
lower portions of the fluid; but it must be remembored 
that these parts are warmed by the eaxth. Boss, how- 
ever, states that at the depth of 1,000 fathoms the sea 
has a constant temperature of 39^. Water is said to be 
at its point of greatest density at 4I0P of Fahrenheit^s 
thermometer; in cooling further, this fluid appears to 
expand, in the same way as if heated: and, consequently, 
water colder than this point, instead of being heavier, is 
lighter, and floats on the surface of the warmer flind. 
It does'not seem that any modification of the law is re- 
quired to account for this phenomenon. Water cooled 
to 40^ still retains its peculiar corpuscular arrangement; 
but immediately it passes below that temperature, it 
begins to dispose itself in such a manner that visiUe 
crystals may form the moment it reaches 82°. Now, if 
we conceive the particles of water, at 89°, to arrange 
themselves in the manner necessary for the assumption 
of the solid form, by the particular grouping of mole- 
cules in an angular instead of a spheroidal shape, it wiU 
be clear, from what we know of the arrangement of 
crystals of .water — ice — that they must occupy a larger 
space than when the particles are disposed, side hj 
side, in minute spheres. Even the escape of air from 
the water in which it is dissolved is sufficient to give an 
apparent lightness to the colder water. This expanskm 
still goes on increasing, from the same cause, during the 
formation of ice, so that the specific gravity of a mass of 
frozen water is less than that of water at any tempera- 
ture below 40°. It must not be forgotten that ice 
always contains a large quantity of air, by which it is 
rendered buoyant. 

Water, at rest, may be cooled many degrees below 
the freezing point without becoming soUd. This is 
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easily effected in a thin glass flask; bnt the moment it 
is agitated^ it becomes a firm mass. Here we have the 
indication of another canse aiding in producing crystals 
^ ice on the surface of water^ under the influence of the 
disturbance produced by the wind^ which does not ex- 
tend to any depth. 

As oxygen and hydrogen gases enter largely into 
other demical compounds besides water^ it is impor- 
tant to consider some of the forms of matter into the 
composition of which these elements enter. To examine 
this thoroughly^ a complete essay on chemical philoso- 
phy would be necessary ; we must^ therefore, be con- 
tent with referring: to a few of the more remarkable 
instances. 

^e waters of the ocean are salt : this arises from 
tlwir holding, in solution chloride of sodium {muriate 
of soda — ctnmAon culinary salt) and other saline bodies. 
Water being present, this becomes muriate of soda, — 
that is, a compound of muriatic acid and soda : muriatic 
add is hydr^en, combined with a most remarkable 
gaseous body, called, from its yellow colour, chlorine ; 
and soda, oxygen in union with the metal sodium, — 
ihaceiate, when anhydrous, culinary salt is truly a 
diloride of sodium. Chlorine in some respects re- 
sembles oxygen; it attacks metallic bodies«with great 
energy; and, in many cases, produces the most vivid 
incandescence, during the process of combination. 
It is a powerfrd bleaching agent, is destructive to 
animal life, and rapidly changes aU organic tissues. 
There are two other bodies in many respects so similar 
to chlorine, although one is at the ordinary tem- 
peratures solid, and the other fluid, and which are 
also discovered in sea-water, or in the plants grow- 
ing in it, that it is difficult to consider them other- 
wise than as different forms of the same principle. 
These are iodine and bromine, and they both unite 
with hydrogen to form acids. The part which 
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cUonne peif orms in nature is a great and impor* 
tant one. Combined in nmriatc of soda, we niajr 
trace it in large quantities through the three kiaigdoBia 
of nature, and the uniTersal^nplofmeiitof adbkaaaeoik- 
diment indicates the importance to the animal eeonemy 
of the elements composing it. Iodine has been. iamoeA. 
through the greater number of xuoine plants, eiristingy 
apparently as an essential element of their constitutiOQ; 
in some land plants it has also been found, partiGoIarly 
in the Armaria maiitima^ when this j^nt grows near 
the sea :* it has been detected in some mineral fspdngji, 
and in small quantities in the mineral kingd(Mnt cam" 
bined as iodide of ulrer^ and in the aluminous slate 
of Latoip in Sweden.| Bromine is found in aea* 
water, although in extremely minute quantities, in a few 
saline springs, and in combination with silver j but we 
hare no eyidence to show that its uses are importaat in 
nature. 

Hydrogen, again^ imites with carbon in variouB pro- 
portions, produdng tiie most dissimilar compounds. 
The air evolved from stagnant water, and the fire-damp 
of the coal mine, are both carburetted hydrogen; wbSL 
the gas which we emply so advants^eously for illumina- 
tion, is the same, holding an additional quantity of 
carbon in fuspension. Naphtha^ and a long list of 
organic bodies, are composed of these two ch^ooical 
elements. 

These combinations lead us, naturally, to the con- 
sideration of the great chemical phenomena of combus- 
tion, which involve, indeed, the influences of all the 
pnysical powers. By the application of heat, we pro- 

* Chemical Gazette, 1849. 

f Iodide of silver has been found at Albarradon, near Mazapil, 
in Mexico. Iodide of mercury, of a fine lemon-yellow colour, nas 
been discovered in the sandstone of Cases, Yiegas, Mexico. 
AJgers ; Phillips' Mineralogy. 

I Gentble's Reports of the Stockholm Academy. 



COMBUSTION. 305 

duce an intense action in a body said to be combustible; 
it bnms, — a chemical action of the most energetic 
character is in prc^;ress, the elements which constitute 
the combustible body are decomposed, they unite nvith 
some other elemen1»ry principles, and new compounds 
are formed. A body bums — it is entirely dissipated, or 
it leaves a very small quantity of ashes behind imcon- 
snmed, but nothing is lost. Its volatile parts have 
entered into new arrangements, the form of the body is 
changed, but its constituents are still playing an 
important purpose in creation. 

The ancient notion that fire was an empyreal element, 
and the Stahlian hypothesis of a phlogistic principle on 
which all the effects of combustion depended,* have 
both given way to the philosophy of the unfortunate 
Lavoisier — ^which has, indeed, been modified in our own 
times-^who showed that combustion is but the develop- 
ment of heat and light under the influence of chemical 
combination. 

Combustion was, at one period, thought to be always 
due to the combination of oxygen with the body bum- 
ing;, but research has shown that vivid combustion may 
be produced where there is no oxygen. The oxidizable 
metals bum most energetically in chlorine, and some of 
them in the vapour of iodine and bromine, and many 
oQier unions take place with manifestations of incandes- 
cence. Supporters of combustion were, until lately, 
regarded as bodies distinct from those undergoing com- 
bustion. For example, hydrogen was regarded as a 



* Stabl, taking up the obscure notions of Becher and Van Hel- 
inont» supposed the phenomena of combustion to be due to 
phlogiston. He imagined that by combination with phlogiston, a 
oody was rendered combustible, and that its disengagement 
occasioned combustion, and after its evolution there remained 
either an acid or an earth : thus sulphur was, by this theory, sup- 
posed to be composed of phlogiston and sulphuric acid, and lead 
of the calx of lead and phlogiston, &c. 
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combostible hodj, and oxygen as ft aropparter of com- 
bastkm. Sndk an arrangement is a most iQc^[ical one^ 
dince we maj bum oxygen in an atmospbere of hy- 
drogen^ in the same manner as we 1mm hjdn^en in 
one of oxygen ; and so^ in aD the <^er eases^ the sup- 
porter of combustion may be bumt in an atmosphere 
formed of the, so called, combustible. The ordinary 
phenomena of combustion are, howerer, due to fte 
combination of oxygen with the body burning ; therefore 
every instance of oxidization may be r^anted as a con- 
dition of combustion, the difference bemg only one of 
d^ree. 

Common iron, exposed to nr and moisture^ ruits; it 
combines with oxy^^n. Pure iron, in a state of fine 
division, unites with oxygen so eagerfy, that it becomes 
incandescent, and in both cases oxide of iron is formed. 
This last instance is certainly a case of combustion; but 
in what does it differ firom the forst one, except in Ike 
intensity of the action? The cases of spontaneous 
combustion which are continually occurring* are ex- 
amples of an analogous character to the aboTC. Qi^^gen 
is absorbed, it enters more or less quickly, according to 
atmospheric conditions, into chemical combination ; heat 
is evolved, and eventually, — ^the action continual^ 
increasing, — ^true combustion takes plaee. In Ihis way 
our cotton-ships, storehouses of flax, piles of ofled-doth, 
saw-dust, &c^ frequently ignite; and to sudi an 
influence is to be attributed the destruction of two of 
our ships of war, a few years since, in Devonport naval 
arsenal.* 

• Being cdled upon by the Solicitor for the Admiralty to ex- 
amine into the causes of the fire which destroyed th« ImogtM 
and Talevtra, in Devonport Arsenal, I discovered a bin under the 
roofing which covered these ships, in which there had been accn- 
mulating for a long period all the refuse of the wbeelwri^ts^ and 
painters* shop ; and it was quite evident that spontaneous com* 
bnstion had tahen place in the mass of oiled oakum, sawdust, anti- 
attrition, and old sail-cloth, tiiere i^owed to aceumdate. 
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In tie cooDomic producticm of heat, and light, we 
hare the cnmhmation of hydrc^ea and carbon with the 
ixxjgen of oomxKUHi tar, forming water and carbonic 
acud. In oar domestic fires we employ coal, which is 
rBmsmtitHj a compound of carbon and hydrc^en contain- 
ing a liitie oxygen and some nitrogen, with some earthy 
inattew which mnst be r^arded as imparities; the 
taper, whether of wax or tallow, is made up of the same 
hoiieB, dUEcxing only in their combining proportions, 
mmdf like eoel gas, these bum as carburetted hydrogen. 
All these bodies are very inflammable, having a tendency 
to ocHnbbie energetically with oxygen at a certain 
^temtiaoL of temperature. 

We Jffe at a loss to know how heat can cause the 
eomhmiatinm of those bodies. Sir Humphry Davy ha» 
ahown tibat hydrogen will not bum, nor a mixtiure of it 
with oxygen esfdode, unkss directly influenced by a 
body heated so as to emit lipbt.^ May we not, there- 
ibre, conclude that the chemical action exhibited in a 
burning body is a development of some latent force, 
with whick we are unacquainted, produced by the absorp- 
tion of U^; — ^that a repulsive action at first takes 
phoe, by which the hydrc^en and carbon are separated 
from each other; — and that in the nascent state they 
are seiied hyr the oxygen, and again compelled, thou^ 
in the new forms of water and carbonic add, to resume 
4ieir chainB of combining affinity ? 

Every equivalent of carbon and of hydrogen in the 
bomiBg body unites with two equivalents of oxygen, in 
atrict conformity with the laws of combination. The 
flame of hydrogen, if pure, gives scarcely any light, but 
enwtbined with the scdid particles of carbon, it increases 
in trightnesB. The most brilliant of the illuminating 
gases is the defiant gas, produced by the decomposition 
of aloibol, and it is only hydrogen charged with carbon 

m FUmt : Biat H. Davy's CkiUsetod Works. 
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to the point of saturation. Flame is a cone of heated 
vapour^ becoming incandescent at the points of contact 
mth the air; a mere superficial film only being luminous. 
It is evident that all the particles of the gas are in a 
strite of very active repulsion over the sur£Eice^ smce 
flame will not pass through wire gauze of moderate 
fineness. Upon this discovery is founded the inimitable 
safety-lamp of Davy, by means of which the explosive 
gases of a mine are harmlessly ignited within a cage of 
wire gauze. This effect has been attributed to a cool- 
ing iiLfiuence of the metal ; but, since the wires may be 
brought to a degree of heat but little below redbiess 
without igniting the fire-damp, this does not appear to 
be the cause. The conditions of the safety lamp may 
be regarded as presenting examples exactly the converse 
of those already stated with reference to the spheroidal 
state of water ; and it affords additional evidence that 
the condition of bodies at high temperatures is subject 
to important physical changes. 

The principle upon which the safety lamp is con- 
structed is, that a mixture of the fire-damp and 
atmospheric air in certain proportions explodes upon 
coming in contact with a flame. 

This mixture passes readily through a wire gauze, 
under all circumstances, and it, of course, thus ap- 
proaches the flame of the lamp enclosed within such a 
material, and it explodes. But, notwithstandii^ the 
mechanical force with which the exploding gas is thrown 
back against the bars of its cage, it cannot pass them. 
Consequently, the element of destruction is caught and 
caged; and notwithstanding its fierceness and energy, it 
cannot impart to the explosive atmosphere without, any 
of its force. No combustion can be communicated 
through the wire gauze. 

The researches which led to the safety-lamp may be 
regarded as among the most complete examples of 
correct inductive experiment in the range of £nglish 
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science^ and the result is certainly one of the proudest* 
achieyements of physico-chemical research. By merely 
enveloping the flame of a lamp with a metallic gauze^ the 
labourer in the recesses of the gloomy mine may feel 
himself secure from that outpouring current of inflam- 
mable gas^ which has been so often the minister of 
death; be may walk unharmed through the explosive 
atmosphere^ and examine the intensity of its power^ as 
it is wasted in trifling efforts within the little cage he 
carries. Accidents have been attributed to the " Davy/' 
as the lamp is called among the colliers ; but they may 
m most cases be traced to carelessness on the part of 
tiiofie whose duty it has been to examine the lamps^ or 
to the recklessness of the miners themselves. 

That curious metal, platinum, and also palladium^ 
possesses a property of maintaining a slow combustion, 
which the discoverer of the safety-lamp proposed to 
render available to a very important purpose. If we 
take a coil of platinum wire, and, having made it red- 
hot, plunge it into an explosive atmosphere of car- 
buKtted hydrogen and common air, it continues to 
glow with considerable brightness, producing, by this 
very peculiar influence, a combination of the gases, 
which is discovered by the escape of pungent acid 
vapours. Over the little flame of the safety-lamp, it was 
proposed by Davy to suspend a coil of platinum which 
would be thus kept constantly at a red heat. If the 
miner became accidentally enveloped in an atmosphere 
of fire-damp, although the flame of his lamp might be 
extinguished, the wire would continue to glow with 
suflicient brightness to light him from his danger, 
tibrough the dark winding passages which have been 
work^ in the bed of fossil fiiel. This very beautiful 
arrangement has not, however, been adopted by our 
Miners. 

It is thus that the discoveries of science, although they 
may appear of an abstract character, constantly, sooner 
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or later^ are apj^ed to xxses by irlneh. some branch of 
baman labour is assisted^ the necessities of man's con- 
dition rdieved^ and the amenities X>f life adfanced. 

Hie respiration of animals is an instance of the snne 
kbid of chemical phenomena as we discover in ordiBarfr 
combustion. In the longs the blood beccnnes diaiged 
with ox|f gen^ derived firomthe atmospheric air, with wludi 
it passes through the system, p^orming its important 
offices, and the Uood is letomed to the IvaagB yrkh die 
carbonic acid formed by the separation of carbon from 
the body which is thrown off at every expiration. It 
will be quite evident that tiiis process is simiha to tibat 
ol ordinary oombnstion. In man or animals, as in Hit 
burning taper, — ^which is aptly enough em{dorfed by 
poets as the symbol of life, — ^we have hydrogen and 
carbon, with some nitrogen superadded; Hie fay diu g qi 
and oxygen form water under the actkm of the "ritil 
fim^es ; the carbon with oxygen produces carbonic wai, 
and, by a curious process, tiie nitrogen and bydrogai 
also combine to form ammonia.'f^ 

All the carbon which is taken into the animal economy 
passes, in the process of time, again into the atmoiqpliefe^ 
in combination with oxygen, this being effected in the 
body, under the catalytic power of tissues, immediate 
influenced by the excitation of nervous forces, which aie 
the direct manifestations of vital energy. The qnanti^ 
of carbonic acid thus given out to the air is capable of 
calculation, with only a small amount of error. It 
appears that upwards of fifty ounces of carbonic acid 
must be given off firom the body of a healthy ntum in 
twenty-four hoiu*s. On the lowest calculation, the TpOffOr 
lation of London must add to the atmosphere dailj 
4,500,000 pounds of carbonic acid. It must also be re- 
membered that in every process for artificial JBuTnination, 
and in all t^he operations of the manufactures in whidk 

* See note, mUt, On the Chemical Theory o/BupkmtiML 
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&e is usedy and also in our arrangements, to secure do- 
mestic comfiui^ immeafle quantities of ihis gas are 
fbormedL We may^ indeed^ £urly estimate the amount^ 
if we ascertain the quantity of wood and coal consumed^ 
of all the carbon which combines with oxygen while 
burning, and escapes into the air^ either as carbonic add 
or carbonic oxide. The fbrm^ gaa^ the same as that 
which Accumulates in deep wells and in brewers' vats^ 
is highly destructive to life;, producing yery distressing 
symptoms, even wh^u mixed with atmosjpheric air, in 
bat slight excess over that proporticm which it com- 
mcmly contaifis. The opi^iessive atmosphere of crowded 
rooms is in a great measure due to the increased prop(H*tioii 
of carbonic acid given off from, the lungs of those assem- 
bled, and collected in &e almost stagnant air of badly 
ventilated apartmaats. It will be evident to every one, that 
unless some provijsdon was made for removing this dele- 
terions gas from the atmosphere as speedily as it formed, 
consequences of the most injurious character to the 
animal races would ensue. It. is found, however, that 
the quantity in the atmosphere is almost constantly 
about one per cent. The peculiar properties of carbonic 
add in part ensure its speedy removal. It is among 
the heaviest of gaseous bodies, and it is readily absorbed 
by water J consequentiy, floating within a short distance 
from the surfEice of the earth, a large quantity is dis- 
solved by the waters spread over it. A considerable 
portion is removed by the vegetable kingdom ; iadeed, 
the whole of that produced by animals, and by the 
processes of combustion, eventually becomes part of 
the vegetable worid, being absorbed with water by the 
roots, and separated from the air by the pecsufiax func- 
tions of the leaves. However, this hea^ gas unites 
with tbe lighter atmosj^beric fluid in obedience to that 
law which determines the diffusion of different specific 
gravities through each other. 

The leaves of plants may be r^arded as p^formixi^ 
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similar offices to the longs of animals. Thejr are the 
breathing oi^ans. In the animal economy a certain 
quantity of carbon is necessarily retained, in combinatMm 
with nitrogen and other elements, to form muscle; bat 
this is constantly undergoing change ; the entire system 
being renewed within a comparatively limited period. 
The conditions with plants are somewhat different. Sor 
instance, the carbon is fixed in a tree, and lemains 
as woody fibre until it decays, even though the life of 
the plant may extend over centuries. 

Aiiimals, then, are constantly supplying -caibonie 
acid ; plants are as constantly feeding on it ; thus in tlie 
balance for ever maintained between the two Idngdons. 
Another condition is, however, required to maintein fiir 
the uses of men and animals the necessary supply of 
oxygen gas. This is effected by one of those wondnhl 
operations of nature's chemistry which must stfike 
every reflecting mind with admiration. During Ae 
night plants absorb carbonic acid; but there is a con- 
dition of repose prevailing then in their functions, and 
consequently their powers of effecting the decomposition 
of this gas are reduced to their minimum. The plant 
sleeps, and vital power reposes; its repose being as 
necessary to the plant as to the animal. With the fint 
gleam of the mormng sun the dormant enei^es of tiie 
plant are awakened into fiill action ; it decomposes this 
carbonic acid, secretes the carbon, to form the rings of 
wood which constitute so large a part of its strac- 
tore, and pour out oxygen gas to the air. The plant 
is, therefore, an essential dement in the conditions 
necessary for the support of animal life. 

The animal produces carbonic acid in an exact pro- 
portion to the quantity of carbonaceous matter wfaidi 
it consumes. Fruit and herbage contain a small quan- 
tity of carbon in comparison with muscle and £Ett. But 
let us confine our attention to the human race. Man 
within the Tropics, where the natural temperature is 
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high^ does not require so great an amount of chemical 
action to go on within him for the purpose of main- 
taining the requisite animal heat; consequently his 
Maker has surrounded him with finiits and grains which 
oonititute his food. 

As we advance to the colder regions of the earth 
man becomes a flesh-eater^ and his carnivorous appe- 
tite increases as the external temperature diminishes. 
Eventually we reach the coldest zones, and the human 
being th^ devours enormous quantities of fat to 
Bupidy the necessities of his condition. 

It must necessarily follow, that the inhabitants of the 
tropics do not produce so much carbonic acid as those 
who dwell in colder r^ons. In the first place, their 
habits of life are different, and they are not under the 
necessity of maintaining animal heat by the use of arti- 
ficial combustion, as are the people of colder climes. 
The vegetation of the regions of the tropics is much 
more luxuriant than that of the temperate and arctic 
tones. Hence an additional supply of carbonic add is 
required between the torrid zones, and a less quantity 
18 produced by its animals. These cases are all met by 
the great aerial movements. A current of warmed air, 
rich in oxygen, moves from the equator towards the 
pedes, whilst the cooler air, charged with the excess of 
carbonic add, sets in a constant stream towards the 
equator. By this means the most perfect equalization 
of the atmospheric conditions is preserved. 

The carbonic add poured out from the thousand 
mouths of our fiery furnaces, — produced during the 
laborious toil of the hard-working artizan, — and ex- 
haled from every populous town of this our island 
home, — ^is borne away by this our aerial currents to 
find its place in the pines of the Pacific Islands, the 
spice-trees of the Eastern Archipelago, and the cin- 
dionas of Southern America. The plants of the valley 
of the Caucasus, and those which floiuish amongst 
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the Himalayas, equally with the leas liixwiiat vege- 
tation of our temperate climes^ «re directly d^aidoit 
upon man and the lower animalfl for their supj^c^ 
food. 

If all plants were removed &om the earth, anwiah 
conld not exist. How would it be if the animal kkig- 
dom was annihilated? — ^wonld it be possible iar v^e- 
tation to ccmtinue? This question is not qjake so 
easily answered ; but, if we suppose all the caffboo^ 
producing machines — the animals — to be extinet, from 
whence would the plants draw their exappij? It has 
been siq>posed that during the epoch (tf the ooal for- 
mation a luxuriant vegetation must have gone on over 
the earth's surface, when the ^dstence of animal life was 
r^arded as problematical. It is supposed that the air was 
Ihen charged with carbonic acid, and that the cahuaites, 
lepidodendra, and dgilari% were employed to renaove it, 
and fit the earth for the oxygen-breathing i^Boea. 1^ 
evidence upon these points is by no means sataafiictoiy; 
and although at one time quite disposed to acquiesce in 
a conjecture which appears to account so beautifully £ot 
the observed geological phaiomena of carboniferous 
periods, we do not regard the necessities for such a 
condition of the atmosphere, as clearly made out* 
Geological research, too, has shown that the immense 
forests fi-om which our coal is formed teemed with life. 
A frog as large as an ox existed in the swamps, and the 
existence of insects proves the high order of organic 
creation at this epoch. 

^ At the request of the British Association, a committee under- 
took the investigation of this suhject. Experiments were carried 
on by Dr. Daubeny, in the Botanic Gardens at Oxford, and by the 
Author, at his residence, Stockwell. Dr. Daubeny, in his lepcrt 
made at the meeting of the British Association at Birmii^haai, 
appears disposed to consider ten per cent, of carbonic acid in ex- 
cess as destructive to the growth of ferns. I found, however, that, 
by gradually increasing the quantity, the ferns would live in an 
atmosphere still more highly charged with carbonic add. 



D£P£ND9NC£ OF &ACES. 31 5> 

In all probability the same mutual dependence M^hich 
now exists between the. animal and vegetable kingdoms 
existed from the beginning of time^ and will continue to 
do so under varying circumstances through the countless 
ages of the earth^s duration. 

There is yet another very important chain of circum- 
stances which binds these two great kingdoms tc^ther. 
This is the chain of the animal necessities. A large 
number of races feed directly upon vegetables; herbs 
and fruits' are the only things from which they gain 
those elements required tq restore the waste of their 
systems. 

These herbivorous animals, which must necessarily 
form fat and muscle from the elements of their vegetable 
diety are preyed on by the carnivorous races ; and from 
these the carbon is again restored to the vegetable world. 
Sweep off from the earth the food of the herbivora, they 
most necessarily very soon perish, and with their disso- 
lution^ the destruction of the camivora is certainly 
ensured. To illustrate this on a small scale, it may be 
menti(»ied that around the coasts of Cornwall, pilchards 
were formerly caught in very great abundance, in the 
shallow water within coves, where these fish are now but 
rarely seen. From the investigations of the Messrs. 
Couch, whose very accurate observations on the Cornish 
fauna have placed both father and son amongst the most . 
eminent of British naturalists,^ it appears that the 
absence of these fish is to be attributed entirely to the 
practice of the farmers, who cut the sea-weed from the 
rocks for the purpose of manuring their lands. By this 
th^ destroy all the small Crustacea inhabiting these 
immature marine forests feeding on the algae, and as 
these, the principal food of the pilchards, have perished 
they seek for a substitute in more £Etvourable situations. 

* See memoir On the Pilchard, by Mr. Couch, in the Bepoftsof 
the Royal Cornwall Polytechnic Society. 
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Mr. Darwin remarks^ that if the immense seaweeds of 
the Southern Ocean were removed by any canse^ the 
whole fauna of these seas would be changed. 

We have seen that animals and vegetables are com- 
posed principally of four elementary principles^ — oxygen, 
hydrogen, nitrogen, and carbon. We have examined 
the remarkable manner in which they pass from one 
condition — from one kingdom of nature — ^into another. 
The animal, perishing and dwindling by decomposition 
into the most simple forms of matter, mingling with the 
atmosphere as mere gas, gradually becomes part of the 
growing plant, and by like changes vegetable organism 
progresses onward to form a portion of the animal 
structure. 

A plant exposed to the action of natural or artificial 
decomposition passes into air, leaving but a few grains 
of solid matter behind it. An animal, in like mani\er, 
is gradually resolved into "thin air/' Muscle, and 
blood, and bones, having undei^one the change, are 
found to have escaped as gases, leaving only "a pinch 
of dust,'' which belongs to the more stable mineral 
world. Our dependency on the atmosphere is therefore 
evident. We derive our substance from it — ^we are, 
after death, resolved again into it. We are really but 
fleeting shadows. Animal and vegetable forms are little 
more than consolidated masses of the atmosphere. The 
sublime creations of the most gifted bard cannot rival 
the beauty of this, the highest and the truest poetry of 
science. Man has divined such changes by the unaided 
powers of reason, arguing from the phenomena which 
science reveals in unceasing action around him. The 
^Grecian sage's doubts of his own identity, were only an 
extension of a great truth beyond the limits of our 
reason. Romance and superstition resolve the spiritual 
man into a visible form of extreme ethereality in the 
spectral creations, " clothed in their own horror," by 
which their reigns have been perpetuated. 
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When Shakspeore made his charming Ariel sing — 

" Full fathom five thy father lies, 
Of his bones are coral made, 
• Tiiose are pearls that were his eyes : 
Nothing of him that doth fade, 
But doth suffer a sea change 
Into something rich and strange,'* 

he painted^ with considerable correctness, the chemical 
changes by which decomposing animal matter is replaced 
by a siliceous or calcareous formation. 

But the gifted have the power of looking through the 
veil of nature, and they have revelations more wonder- 
ful than even those of the philosopher, who evokes them 
by perpetual toil and brain-raclang struggle with the 
ever-changing elements aroimd him. 

The mysteries of flowers have ever been the charm of 
the poet's song. Imagination has invested them with 
a magic influence, and fancy has almost regarded them 
as spiritual things. In contemplating their surpassing 
lovdiness, the mind of every observer is improved, and 
flie sentiments which they inspire, by their mere exter- 
nal elegance, are great and good. But in examining 
the real mysteries of their conditions, their physicd 
phenomena, the relations in which they stand to the 
animal world, '^ stealing and giving odours'' in the mar- 
vellous interchange of carbonic acid and ammonia for 
the soul-inspiring oxygen — all speaking of the powers of 
some unseen, in-dwellmg principle, directed by a supreme 
ruler — ^the philosopher finds subjects for deep aad soul- 
trying contemplation. Such studies lift the mind into 
the truly sublime of nature. The poef s dream is the 
dim reflection of a distant star : the philosopher's reve- 
lation is a strong telescopic examination of its features. 
One is the mere echo of the remote whisper of nature's 
voice in the dim twilight; the other is the swelling 
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music of the harp of Memnon^ awakened hy the sun of 
truth, newly risen from the night of ignorance. 

To return from our long, hut somewhat natural 
digression, to a consideration of the chem^pal. phenomena 
connected with the atmosphere, and its curious and 
important element, nitrogen^ we must first examine the 
evidence we have of the condition of the air itself. 

The mean pressure exerted upon the surface of the 
earth, as indicated by the barometer, is equal to a column 
of mercury thirty inches high ; that is, the colnntm of 
air from the surface of the. ocean to its highest limits 
•exactly balances that quantity of mercory. If onr 
tube of mercury had the area of one square mdi, 
the columns would weigh fifteen pounds, which repre- 
aents a pressure of fifteen pounds upon every square 
inch of the earth^s surface. This pressure, it must be 
remembered, is the compoimd weight of tibe gaseous 
envelope, and the elastic force of the aqueous yxpoar 
<xm.tained in it.* If the atmosphere were of i mifofm 

* *' This scale, in which the humidity of the air is expressed, is 
the simple natural scale in which air at its maximum ot humidLtr 
(f. e., when it is saturated with vapour) is reckoned as = 100, ana 
air ahsolutely deprived of moisture as = ; the intermediate de- 
grees are given by the fraction 100 x actual tension of vapoxar-r- 
tension required fear the saturation of the air at its existing tem- 
perature. Thus, if the air at any temperature whatsoever eon- 
tains vapour of half the tension, which it would contain if satu- 
rated, the degree is 50 ; if three-fourths, then 75 ; and so forth. Air 
of a higher temperature is capahle of containing a greater quantity 
of vapour than air of less temperature ; but it is the proportiim oi 
what it does contain, to what it would contain if saturated, wbidi 
constitutes the measure of its dryness or humidity. The capaci^ 
of the air to contain moisture being determined by its temperature, 
it was to be expected that an intimate connection and dependence 
would be found to exist between the annual and diurnal vaiiations 
of the vopoua* and of the temperature." — Sabine, Ou tie ifdeoro- 
2ogy o/" Toronto ; Reports of the British Association, vol, xiii.jp. 
47. The Temperature Tables : by Prof, W. H. Dove ; Reports for 
1847 should be consulted. 
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condition, itt ha^t, ^ inferred £rc»n liie barometer^ 
would be about fire miles and a half. The density of 
ike aur, howerer^ diminiskes with the pressure upon it^ 
lo tiiat at the height of 11^556 feet^ the atmosphere is 
of half density; or one volume of air^ as taken at the 
sur&oe of the earthy is expanded into two at that height. 
Thus the weight is continually diminishing ; but th^ is 
regularly opposed by the decreasing temperature, which 
diminishes the rate of about one d^ree for erery 852 
feet of aseent, although in all probal»lity it is less 
nqpid at great distances from the earth. 

It has been calculated from certain phencmiena of 
lefraeliaD, that our atmosphere must extend to about 
tartf mHea from the surface of the earth. It may^ in 
a itate of extreme tenuity, extend still further ; but 
it is pvobaUe that the intense cold produced by rare- 
fitttion sets liBsits to any extension much beycmd this 
devitkiii. 

The uses of the atmosphere are many. It is the 
EKdhim for r^ukddng the di^)ersion of watery vapours 
Ofcr the earth. If there were no atmosphere, and 
ikat, as now, the equatorial climes were hot and the 
pdes cold, evaporation would be continually going on 
at tiie equator, and condensation in the colder regions. 
Tlie sky of the tropical climes would be perpetually 
doadlcM, wlulst in the temperate and arctic zones we 
ahoiikl have constant rain and snow. By having a 
gaaeouB atmospherey a more uniform state of things is 
1; the vapcwrs arisiag from the earth beocHne 
mixed with the air, and are borne l^ it 
krge tracts of oonntry, and only precipitated 
wken ibey cnto: some'stratum much colder thui that 
wiidi wrolves them, lliere are opposite tendencies in 
an atmosphere of air and one of vapour. The air cir- 
cnlates fit>m the colder to the warmer parts^ and the 
vapour from the warmer to the colder regions; axid as 
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the currents of the air^ from the ^tribution of land and 
sea — ^the land^ from its low conducting power^ being 
more quickly heated than the sea — are very complicat«d^ 
and as some force is employed in keeping the yapour 
suspended in the air^ water is less suddenly deposited on 
the earth than it would have been^ had not these ten- 
dencies of the air and its hygrometric peculiarities been 
such as we find them. 

The blue colour of the sky, which is so much more 
agreeable to the eye than either red or yellow, is due to 
a tendency of the mixed gas and vapour to reflect the 
blue rays rather than red or yellow. The white light 
which falls upon the surface of the earth, without ab^ 
sorption or decomposition in its passage from the sun, 
is partially absorbed by, and in part reflected back from, 
the earth. The reflected rays pass with tolerable free- 
dom through this transparent medium, but a portion of 
the blue rays are interrupted and rendered visible to us. 
That it is reflected light, is proved by the fact of its being 
in a polarized state.'f^ Clouds of vapour reflect to us 
again, not isolated rays, but the undecomposed beam, 
and consequently they appear white as snow to our 
vision. 

The golden glories of simset, — when, " like a dying 
dolphin,^' heaven puts on the most gorgeous hues, which 
are continually changing, — depend entirely upon the 
quantity of watery vapour which is mixed with air, and 
its state of condensation. It has been observed, that 
steam at night, issuing into the atmosphere under a 
pressure of twenty or thirty pounds to the square inch, 
transmits and reflects orange-red light. This we may, 
therefore, conclude to be the prbperty of such a con- 
dition of mixed vapour and air, as prevails when the 

* Sir David Brewster's Optics, and Memoirs in the Philosophical 
Transactions. Sir John Herschel's Treatise on Light, Encyclopa- 
dia Metropolitana, 
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ming or tiie setting sun is sliedding over the eastern 
or the western horizon the glory of its coloured rays.* 

Thus science points out to us the important uses of 
the air. "fVe learn that life and combustion are entirely 
dependent on it^ and that it is made the means for 
securing greater constancy in the cUmates of the earth 
than could otherwise be obtained. The facts already 
dwelt upon are sufficient to convince every thinking 
mind that the beautiful system of order which is dis- 
played in the composition of the atmosphere, in which 
the all-exdting element, oxygen, is subdued to a tranquil 
state by anotiber element, nitrogen, (which, we shall 
have presently to show, is itself, under certain con- 
ditions, one of the most energetic agents with which we 
are acquainted,) indicates a supreme power, omniscient 
in the adaptation of things to an especial end. Oxygen 
and nitrogen are here mixed for the benefit of man ; 

* On /A« Colour of Steam under certain circumstances: by Pro- 
tesor Forbes; Philosophical Magazine, vol. xiv. p. 121, vol. xv. 

L25. In the first paper the following remarks occur : — *' I cannot 
abt that tiie colour of watery vapour under certain circum- 
stances is the principal or onlv cause of the red colour observed in- 
donds. The very tact that that colour chiefly appears in the pre- 
tence of elonds is a su£Bicient refutation of the only explanation 
of the phenomena of sunset and sunrise, having the least plausi- 
bility, given by optical writers. If the red light of the horizontal 
sky were simply complementary to the blue of a pure atmosphere, 
the sun ought to set red in the clearest weather, and then most of 
•11 ; but experience shows that a lurid sunrise or sunset is always 
aeoompanied by clouds or diffused vapours, and in a great 
minority of cases occurs when the changing state of previously 
transparent and colourless vapour ma^ be inferred from the suc- 
ceeding rain. In like manner, terrestrial lights seen at a distance 
RTow red and dim when the atmosphere is filled with vapour soon 
to be precipitated. Analogy applied to the preceding observations 
woald certainly conduct to a solution of such appearances; for I 
have remarked that the existence of vapour of high tension is by 
no means essential to the production of colour, though of course a 
proportionally greater thickness of the medium must be employed 
to produce a similar effect when the elasticity is small." 

Y 
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man unites them by the aid of powers witih Triiich he is 
gifted, and the consequences are of a &tal kind. The 
pnuciples which the great Chemist of Nature renders 
mild are transformed into sources of evil by tife chemist 
of art 

Beyond all this^ the atmosphere produces effects on 
light which add infinitely to the beauty of the world. 
Were there no atmosphere, we should only see those ob- 
jeetftupon which the sun^s rays directly fdl, or&om whidi 
they were reflected. A ray falling Ihrough a small hole 
into a dark rocmi, illuminating one object^ which reflects 
some light upon another^ is an apt illustratian of die 
e&ct of light upon the earth, if it existed without its 
envelopiDg atmosphere. By the disperaive powers of 
this medium, sunlight is converted into dayli^it; and 
instead of unbearaUe parallel rays illuminating briL> 
Uantly, and scorching up with heat those parts iqxm 
which they directly fall, leaving all other parts in the 
darkness of night, we enjoy the blessings of a AjflTision 
of its rayS) and experience the beauties of soft i^adak 
and slowly-deepening shadows. Without an atmosphere, 
the sun of the morning would burst upon us with un- 
bearable brilliancy, and leave us suddenly, at the dose 
of day, at once in utter darknessw With am atmo- 
sphere we have the twilight with kll its tempered love- 
liness, — a " time for poets made.^^ 

In chemical character, atmospheric air is composed of 
twenty-one volumes of oxygen, and seventy-nine vohimes 
of nitrogen : or (me hundred grains of air consist of 23'1 
grains of the former, and 76*9 grains of the latt^. 
Whether the air is taken from the greatest depths or the 
most exalted: heights to which man has ever reached, an 
invariaUe proportimi of the gs^ies is maintainefl. The 
air of ChimborazD, of the arid plains of Egypt, of the 
pestilentid ddlta of the Niger; or even of the infected 
atmosphere of an hospital, ^ give the same proportions 
of these two gases as we find existing on the beaJtl^iL hills 
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•of Devoiuiliirey or in the air of the city of London. This 
eonstazLcy in constitution leads to the supposition that 
the Q3Eygen and nitrogen are chemically combined ; but 
many emkxent philosophers have contended that they 
are merely medianically mixed ; and they have shown 
Hiai some peculiar properties prevail amongst gaseous 
bodies^ -which very fully explain the equal admixture of 
two gases the specific gravities of which are different. 
This is particularly exempUfied in the case of carbonic 
:acjd^ of which gas one per cent, can be detected in all 
regions of- the air to which the investigations of man 
have reached. This gas, although so heavy, is, by the 
law of diJObaion, mixed with great uniformity throughout 
the maaSi.* Every exhalation from the earth, of course, 
paascB into the air; but these are geaerally either so 
li^t that they are carried into the upper regions, and 
there perform their par£s in the meteorological pheno- 
mena,, or they are otherwise very readily absorbed by 
water or growing plants, and thus is the atmosphere 
preaenred in a state of purity for the uses of animals. 
Again, the quantity of oxygen contained in the air, and 
its yery peculiar character, ensures the oxidation of all 
the ¥oIatik organic matters which are constantly passing 
isSy — as the odoriferous principles of plants, the mias- 
mata of swamps, and the products of animal putrefac- 
tion ; these are rapidly converted into water, carbonic 
aeid^ or. nitric acid, and quickly enter into new and harm- 
ksa combinations. The elements of contagion we are 
unacquainted with j but since the attention of inquirers 
ha» bceoi of late directed to this important and delicate 
flobjed, some light may possibly be thrown upon it 
before long. 
Notbiiigahows more striMngly the admiraUe adaptation 

* On the Law of Digunm of Gases : by Thomas Grabani, M. A., 
F.R.S., Ac. ; Edinburgh Philosophical Transactions, 1832. Sur 
f Actum CapiUmwe des Fisswes, ^c, : by Dob^reiner; Annales de 
*€himie, xuv. 9SS» 
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of all things for their intended uses than the atmosphere. 
In it we find the source of life and health ; and chemistry 
teaches us^ most indisputably^ that it is] composed of 
certain proportions of oxygen and nitrogen gases ; and 
experience informs us that it is on the oxygen that we are 
dependent for all that we enjoy. So beautifully is the 
atomic or molecular constitution ordered^ that it is impos- 
sible to produce any change in the air without rendering it 
injurious to the vegetable and animal economy. It might 
be thought, from the well-known exhilirating character 
of oxygen gas, that, if a larger quantity existed in the 
atmosphere than that which we find there, the enjoy- 
ments of life would be of a more exciting kind ; but the 
consequences of any increase would be exceedingly inju- 
rious ; and, by quickening all the processes of Itfe to an 
imnatural extent, the animal fabric would soon decay : 
excited into fever, it would be destroyed by its own fires. 
Chemistry has made us acquainted with six other com- 
pounds of oxygen and nitrogen, neither of them fitted 
for the purposes of vitality, of which the following are 
the most remarkable : — 

Nitrous oxide, or the, so called, laughing gas, which 
contains two volumes of nitrogen to one of oxygen, 
would prove more destructive than even pure oxygen, 
from the delirious intoxication which it produces. 

Nitric oxide is composed, according to Davy, of two 
volumes of nitrogen and two of oxygen. It is of so 
irritating a nature, that the glottis contracts spasmo- 
dically when any attempt is made to breathe it ; and 
the moment it escapes into the air it combines with 
more oxygen, and forms the deep red fumes of nitrous 
acid. 

Nitrous acid and the peroxide of nitrogen each con- 
tains an additional proportion of oxygen, and they are 
still more destructive to all organization. 

Nitric acid contains five volumes of oxygen united to 
two of nitrogen ; and the well-known destructive pro- 
perties of aqua fortis it is unnecessary to describe. 
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The atmosphere^ and these chemically active com- 
pounds^ contain the same elements, but their mode of 
combining is diflferent ; and what is, in the one case^ 
poisonous to the highest degree, is, in the other, ren- 
dered salubrious, and essential to all organized beings. 

Nitrogen gas may be regarded in the light of a diluent 
to the oxygen. In its pure state it is only characterised 
by its n^ative properties. It will not bum, or act as 
a supporter of combustion. Animals speedily perish if 
confined in it ; but they die rather through the absence 
of oxygen than &om any poisonous property of thjs gas. 
Yet, in combination, we &id nitrogen exhibiting powers 
of a most energetic character. In addition to the ful- 
minating compounds . and the explosive substances 
already named, which are among the most remarkable 
instances of unstable affinity with which we are ac- 
quainted, we have also the well-known pungent body, 
ammonia. From the analogous nature of this volatile 
ocHnpound, and the fixed alkalies soda and potash, it 
was inferred that it must, like them, be an oxide of a 
metallic base. Davy exposed ammonia to the action of 
potassium, and to the influence of the voltaic arc pro- 
duced from 2,000 double plates, without at all changing 
its diaracter. From its slight tendency to combination, 
and from its being found abundantly in the organs oF 
animals feeding on substances that do not contain it, it 
is, however, probably a compound body. A phenomenon 
of an obscure and mysterious character is presented" 
the formation of the '^ ammoniacal amalgam,^^ as it 
called. 

Mercury, being mixed with an ammoniacal salt, is 
exponed to powerful galvanic action ; and a compound, 
mainta.ining its metallic appearance, but of considerable 
lightness and very porous, presents itself.* This prepa- 

♦ Bleetro-chemical Researches on the Decompositions of the Earths, 
wiih observations on the Metals obtained from the Alkaline Earths, 
tmd o» th0 Amalgam procured from Ammonia : by Sir Humphry 
Davy; Philosophical Trausactious, 1808, and collected works, 
ToL T. p. 102. 
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ration has been carefully examined by Davy, Beraelius^ 
and others. It is always resolved into ammoma and 
mercury ; and, although the latter chemist is strongly 
inclined to regard it as affording evidence of the com- 
pound nature of nitrogen, — and he has, indeed, proposed 
the name nitricum for its hypothetical base, — yet, to the 
present time, we have no satisfactory explanation of this 
apparent metallization of ammonia. 

No attempt will be made to describe the yarioas ele- 
mentary substances . whidi come under the dass of 
metallic bodies, much less to enumerate their combina- 
tions. Many of the metals, as siLyer and copper, are 
found sometunes in a native state, or nearly pure ; but, 
for the most part, they exist, in nature, in oombiiiation 
with oxygen or sulphur ; gold furnishing a remarkaide 
exception. They are occasionally found combined with 
other bodies, — as oxidized carbon, phos^orus, diknrine, 
&c. ; but these cases are by no means so oommon. 
Those substances called metals are generally found em- 
bedded in the rocks, or deposited in fissures formed 
through them ; but it is one of the great discoveries of 
modem science, that those rocks themselves are metallic 
oxides. With metals we generaUy associate the idea of 
great density ; but potassium and sodium, the metallic 
bases of potash and soda, are lighter than water, and 
they consequently float upon that fluid. We learn, 
therefore, from the researches of science, that the crust 
of this earth is composed entirely of metals, combined 
with gaseous elements ; and there is reason for believing 
that one, or perhaps two, of the gases we have already 
named are also of a metallic character. Strange as it 
may appear, there is nothing, as will be seen on atten- 
tive consideration, irrational in this idea. Many erf the 
metals proper, under the influence of such heat as we 
can, by artificial means, command, are dissipated in va- 
pour, and maybe maintained in this state perfectly invi- 
sible. Indeed, the transparent space above the surface 
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of the mercury in the tube of a barometer, known as the 
Torricellian Tacuum, is filled with the vapour of mer- 
cury. There is, therefore, no reason why nitrogen, or 
even hydrogen, should not be metallic molecules kept 
by the force of the repulsive powers of heat, or some 
other influence, at a great distance from each other. 
The peculiar manner in which nitrogen unites with mer- 
cury, and the property which hydrogen possesses of 
combining with antimony, zinc, arsenic, potassium, 
Bodimn, and possibly other metals, besides its union with 
sulphur and carbon — in all which cases there is no such 
ciumge of character as occurs when they combine with 
oxygen — appear to indicate bodies which, chemically, are 
not -very cUssimilar to those metals themselves, although, 
pfayncally, they have not the most remote resemblance. 

'' We know nothing,*' says Davy, " of the true ele- 
ments belonging to nature; but, so far as we can reason 
from tike relations of the properties of matter, hydrc^en 
is Ifae tabetanoe which approaches nearest to wiiat the 
dements may be supposed to be. It has energetic powers 
of eombination, its parts are highly repulsive as to each 
otiier, and attractive of the particles of other matter; it 
enters into combination in a quantity very much smaller 
tlian any other substance, and in this'^respect it is 
ajyproached by no kno¥mL body.'** 

Many of ihe elements are common to the three king- 
domB of nature : most of those found in one condition of 
organization are discovered in another. The carbonates 
■re on abundant mineral class. In the v^etable kingdom 
we find carbon combining with oxygen, hydrogen, and 
nitrogen : these elements, also, constitute the substance 
cf animals, the proportion of nitrogen being, however, 
much larger. If one element, more than another, be- 
longs especially to the animal economy, it is phosphorus, 
although this is not wanting in the vegetable woild ; 

* Elements of Chemical Philosophy : by Sir H. Davy. 
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and it is not uncoinnion in the mineral. Sulphur is 
common to the three kingdoms : it is abundant in the 
mineral, being one of the products of volcanic action ; 
it is united with the metals, forming sulphurets ; and is 
found in our rocks in the state of sulphuric acid or 
oxidized vapour, combined with the metallic bases of 
lime and other earths. In the vegetable kingdom we 
discover sulphur in all plants of the onion kind, in the 
mustard, and some others ; it enters into the composition 
of vegetable albumen, and appears always combined with 
albumen, fibrine, and caseine, in the animal economy. 

Chlorine is found most abundantly in combination 
with sodium, as common salt : in this state, in par- 
ticular, we may trace it from the depths of the earth, its 
waters, and its rocks, to the plants and animals of the 
surface. Iodine is most abundant in marine plants; 
but it has been found in the mineral world, traced to 
plants, and it is indicated in the flesh of some animals. 
Bromine is known to us as a product of certain saline 
waters, and a few specimens of natural bromide of silver 
have been examined. Fluorine, the base of the acid 
which, combining with lime, forms fluor-spar, is found 
to exist to some considerable extent in bones ; it has 
been discovered in mUk and blood ; and investigations 
have proved its existence in the vegetable world. It 
must not be forgotten that the earths, lime and mag- 
nesia, enter into the composition of the more soUd parts 
of plants and animals. Lime is one of the principal 
constituents of animal bone and shells, and it is found 
in nearly all vegetables. 

Sihca, or the earth of flints, is met with in beautiful 
transparent crystals, in the depths of the mine ; in all 
rock and soils we find it. In the bark of many plants, 
particularly the grasses, it is discovered,, forming the 
hard supporting cuticle of the staJk, in wheat, the Dutch 
rush, the sugar-cane, the bamboo, and many other 
plants. 
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It is thus that we find the same elementary prin- 
ciple presenting itself in every form of matter, under 
the most Protean shapes. Numerous phenomena of 
even a more striking character than those selected, are 
exhibited in every department of chemistry ; but within 
the limits of this essay it is impracticable to speak 
of any beyond those which directly explain natural 
phenomena. 

The chemical elements, which actually exist in nature 
as simple bodies, are probably but few. Most of the 
gases are in aU probabUity compounds of some ethereal 
nltimate principles ; and with the advance of science we 
may £urly hope to discover the means of reducing some 
of them to a yet more simple state. 

Curious relations, which can be traced through certain 
bodies^ lead us to believe that they may be only modified 
ocjnditions of one element. Mint and charcoal do not at 
first appear allied; but carbon in some of its states 
approaches very near to the condition of silicon, the 
metallic base of flint. When we remember the differences 
which are evident in three forms of one body — coke, 
graphite, and diamond — ^the dissimiUtude between flint, 
a quartz crystal, and carbon, will cease to be a strong 
objection to the speculation. 

Fhosphorus/sulphur, and selenium, have many pro- 
perties in common. Iodine, bromine, chlorine, and 
fluorine, appear to belong to the same group. Iron and 
nickel, and cobalt, have a close relation. Silver and 
lead are usually combined, and exhibit a strong relation- 
flhip. Grold, platinum, and the rarer metals, have so 
many properties in common, that they may form a 
separate group firom all the others. 

Indeed, a philosophical examination of the elements 
now supposed to constitute the material world, enables 
08 to divide them into about six well-defined groups. 
Wide differences exist within these groups ; but still we 
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find a sufficient numberof common properties to warrant 
our classing liiem in one feunily. 

The dream of the alchemists^ in the vain endeavour 
to realise which they exhausted their lives and dissipated 
their wealthy had its foundation in a natural truth. The 
transmutation of one form of matter into anotiier may 
be beyond the power of man^ but it is certainly con- 
tinually taking place in the laboratory of nature^ under 
the directing law of the great Creator of this beautiful 
earth. 

The speculations of men^ through all ages^ have leaned 
towards this idea, as is shown by the theory of the four 
elements^ — ^Air, Fire, Earth, and Wat^, — of the ancients, 
the three, — Salt, Sulphur, and Mercury,— of tte al- 
chemists, and the refined speculations of Newton and 
Boscovich on the ultimate constitution oi matter. AH 
experimental inquiry points towards a similar c(md]i- 
fdon. It is true we have no direct evidence of any 
dLementary atom actually undergoing a chfmge c^nrtate; 
but when we regard the variations produced by electrical 
influence, the changes of state which arise from tiie 
power of heat, and the physical alterations produced by 
light, it will be difficult to come to any other conclusion 
than that the particles of matter known to us as ultimate 
are capable of change, and consequently must be fiur 
removed from positively simple bodies, since the real 
elementary atom, possessing fixed properties, cannot be 
supposed capable of undergoing any transmutation. 
Allotropism could not occur in any absolutely simple 
body. 

It will now be evident that in all chemical phenomena 
we have the combined exercise of the great physical 
foxces, and evidences of some powers which are, as yet, 
shrouded in the mystery of our ignorance. Tlie forma- 
tion of minerals within the clefts of the rocks, the 
decomposition of metallic lodes, the germinaticm of 
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seeds, the growth of the plant, the development of its 
fruit and its ultimate decay, the secret processes of 
animal life, assimilation, digestion, and respiration, and 
all the changes of external form, which take place around 
us, are the result of the exercise of that^prindple which 
we call chemical. 

By chemical action plants take from the atmosphere 
the elements of their growth ; these they yield to 
animals, and from these they are again returned to the 
air. The viewless atmosphere is gradually formed into 
an organized being, the lordly tree upon whose branches 
the fowls of the air have their homes, and the human 
animal, exalted by being chained with a spiritual soul : 
yet the tree and the man alie are gradually resolved 
again into thin air. The changes of the mineral world 
are of an analogous character ; but we cannot trace them 
flo clearly in all their phenomena. 

The planet on whidi we live b^an its course charged 
with a fixed quantity of physical force, and this ha& 
lauained constant to the present moment, and will do 
ao to the end of time. By influences external to this 
eariih the balance of these forces is continually dis« 
tnrbed; and in the effort to restore the equilibrium, 
we liave the production of all the varied forms of 
matter, aad the manifestation of each particular physical 
princifde or power. As motion and attraction, balanced 
against each other, maintain the earth in her eUiptioal 
erbit, so the opposition of forces determines the existence 
of the amorphous rock, the light-refracting crystal, the 
fixed and flowering plant, and the locomotive animal. 

An eternal round of diiemical action is displayed in 
nature. Life and death are but two phases of its in- 
fluences. Growth and decay are equally the result of 
its power. 
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CHAPTER XIII. 

TIME. GEOLOGICAL PHENOMENA. 

Time, ah element in Nature's Operations — Geological Science — 
Its Fa*^t8 and Inferences — Nebular Hypothesis applied — 
Primary Formations — Plutonic and Metamorphic Rocks — 
Transition Series — Palaeozoic Rocks — Commencement of 
Organic Arrangements — Existence of Phosphoric Acid in 
Plutonic Rocks — Fossil Remains— Coal Formation— Sand- 
stones — Tertiary Formations— Eocene, Miocene, and Pliocene 
Formations— Progi'essive changes now apparent — General 
Conclusions— Physics applied in explanation. 

The influence of time^ as an element^ in producing 
certain structural arrangements, by modifying the opera- 
tions of physical force, under whatever form it may be 
exerted, has scarcely been sufficiently attended to in the 
examination of cosmical phenomena. Every particle of 
matter is, as it were, suspended between the agencies to 
which we have been directing our attention. Under the 
influences of the physical powers, sometimes exerted in 
common, but often with a great preponderance in favour 
of one of them, every accumulated heap of mud or sand 
is slowly cohering, and assuming the form of a rock 
possessing certain distinguishing features, as it regardi 
lamination, cleavage, &c. 

The minute particles of matter are necessarily but 
slightly influenced by the physical forces : their action 
in accordance with the laws which determine physical 
condition is manifested in an exceedingly modified 
degree. But in all the operations of nature, what i* 
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deficient in power is made up in time, and effects are 
produced during myriads of ages, by powers far too weak 
to give satisfactory results by any experiments which 
might be extended even over a century. 

If, with the eye of a geologist, we take but a cursory 
glance over the Earth, we shall discover that countless 
ages must have passed during the progress of this planet 
to its present state. This is a fact written by the finger 
of nature, in unmistakeable characters, upon the mighty 
tablets of her mountains. 

The superficial crust of the earth, — ^by which is meant 
only that film, compared with its diameter, which is 
represented by a few miles in depth — ^is composed of dis- 
tinct mineral masses, exhibiting peculiar physical con- 
ditions and a certain order of arrangement. These rocks 
appear to have resulted from two dissimilar causes; in 
one class the action of heat is evident, and in the other 
we have either the slow deposition of matter suspended 
in water, or crystallization from solution ; an aqueous 
origin is indicated by peculiarities of formation in all the 
more recent rocks. 

There are few branches of science which admit of 
speculation to the extent to which we find it carried in 
geok^. The consequences of this are shown in the 
popular diaracter of the science. A few observations 
are made over a limited area, and certain structural con- 
ditions are ascertained, and at once the mind, "fancy 
free/' penetrates the profound depths of the earth, and 
imagination, having " ample room and verge enough,^' 
creates causes by which every effect is to be interpreted. 
Such students, generally ignorant of the first principles 
of physics, knowing little of mineralogy, and less of 
chemistry, to say nothing of palaeontology, having none 
of the requisites for an observer, boldly assume premises, 
which are untenable, and think they have explained a 
phenomenon, — given to the world a truth, — ^when they 
have merely promulgated an unsubstantiated specula- 
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tion^ which may have oecasional marks of ingenuity^ and 
but little else. 

The careftdly-made observations of those tAo, with 
unwearying industry, have traversed hill and valley, 
marked and measured the various characters, thicknesses, 
inclinations, and positions of roeks ; who have watched 
the influences of heat in changing, of wat^ in wearing, 
and the results of precipitation in forming, strata; wh) 
have traced the mechanical effects of earthquake strug- 
glings and of volcanic eruptions, and, reasoning from an 
immense mass of accumulated facts, deduced certain 
general conclusions, — are, however, of a totally different 
<;haracter ; and it is such observers as these w4o induced 
Herschel to say truly, that " geology, in the magnitude 
and subUmity of the objects of which it treats^ un* 
doubt§dly ranks, in the scale of the sciences, noEt to 
airtronomy.'^* 

The origin of this planet is involved in great obscurityj 
which the powers of the most gifted are unaMe to pene- 
trate. It stands the work of an Almighty and Eteamal 
mind, the beginning of which we cannot comprehend, 
nor can we define the period of its termination. 

It may, probably, be safe to speculate that there was 
a time when this globe consisted of only one homo- 
geneous stratum. Whether this remains, — whether, in 
our plutonic rocks, our granites> or our porphyries, we 
have any indications of the primitive state of the world, 
or whether numerous changes took place before even oiht 
unstratified formations had birth, are questi<ma we 
cannot answer. The geologist looks back into the vista 
of time, and reckons, by phenomena, the progress of the 
world's mutations. The stratified formations must 
have occupied thousands of ages ; but before these were, 
during a period extending over countless thousands, the 

* Preliminary Discourse: Sir J. F. W. HerscheL Lardners 
Cabinet Cyclopsedia. 
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atified rocks may hsve been variously metamor- 
d. It matters not whether we admit the nebular 
iheaiflornot^ — a time must have been when all these 
B which now form the mass of this globe existed in 
lost simple state. We have already shown that 
remarkable changes in external character and in 
ical relations are induced^ in the same simple 
anty by its haying been exposed to some peculiar 
iifferent conditions ; and already have we speculated 
le probability that tiie advance of science "vnll enable 

leiduce the numerous elements we now reckon, to 
r three. It is, therefore, by nb means an irrational 
ipfat (which must, however, be held in the light of a 

conjecture), to suppose that at the beginning a 
ty mass of matter, in the most attenuated state, was 
iced in ispace, and waa gradually, under the in- 
cae of gravitation, of cohesive force, and of chemical 
igation, moulded into the form of a q>here. 
ading to the utmost refinement of physics, we may 
ioe that this mass was of one uniform character, 
htA it became in dissimilar parts — its surfaces and 
eds its centre — differently constituted, under the 
moes of the some powers which we now find pro- 
ig, out of the same body, charcoal and the diamond, 
creating the multitudinous forms of oi^anized 
ifliiB. These conditions being established, and 
3d to an extent of which, as yet, science haa 
led us no evidence, chemical intermixture may have 
I place, and a new series of compounds have been 
QC^ which, by again combining, gave rise to another 
nore complex class of bodies. 
le £3undation of the superficial crust of the earth 
iM to be formed of a class of ]X>ckB which have 
ted &om the slow cooling of an immense mass of 
id matter. These rocks have been called igneotts ; 
are now more generally termed Plutonie (such aa 
ites, syenites, &c.) Immediately above these, we 
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find rocks which have resulted by deposition fix)m 
water. These masses, having been exposed to the action 
of the heat below, have been considerably changed in 
their character, and hence they are often called meta- 
morphic ; but metamorphic rocks may, however, be of 
any age. The rocks formerly termed the transition 
series — ^firom their forming the connecting link between 
the earUer formations — are now, from the circumstance 
of their being fossiliferous, classed under the general 
term of palaeozoic rocks, to distinguish them from the 
rocks in which no organic remains have been found. 
Above these are found the secondary strata, and, still 
more recently produced, we have a class now usually 
denominated the tertiary fonnations. ^^ Eternal as the 
hiUs'^ is a poetic expression, implying a long duration; 
but these must, from the nature of things, eventually 
pass away. The period of time necessary for the dis- 
integration of a granite hill is vastly beyond the powers 
of computation, according to our conception of the 
ordinary bounds of finite things. But a considerati<m 
of the results of a few years, — under the influence of 
the atmosphere and the rains, — as shown in quantity of 
solid matter carried off by the rivers, and deposited at 
their mouths, will tend to carry conviction to every 
mind, that a degrading process is for ever in action on 
the surface of the earth. The earth itself may be 
eternal, but the surface is continually undergoing mu- 
tation, from various causes, many of which we must 
briefly 'consider.* 

In regarding geological phenomena, the absence of 

* Geological Researches; by Sir Heniy De la Beche, C.B. 
(Degradation of Mountains, p. 167.) Geological Manual, p. 184. 
Principles of Geology j by Sir Charles Lyell, 7th Edition, p. 
150, 680. On the Denudation of South Wales, and the adjateid 
countries of England; by Professor Andrew Eainsay ; Memoirs 
of the Geological Snrvey and Musouin of Practical Geology, 
vol. i. p. 297. 
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remarkable period when the dry land first began to 
appear. 

All the animals found in the strata we have mentioned 
are such as would inhabit the seas ; but we gradually 
arrive at distinct evidence of the separation of the land 
from the water, and the "green tree yielding seed^' 
presents itself to our attention ; not that the strata 
earlier than this are entirely destitute of any remains 
indicating vegetable growth, but those they exhibit are 
flfuch as, in all probability, may be referred to marine 
plants. 

Those plants, however, which are fotmd in the car- 
boniferous series are most of them distinguished by all 
the characteristics of those which grow upon the land ; 
we, therefore, in the mutilated remains of vegetation left 
xis in our coal-formations, read the history of our early 
world. 

Then the reed-like calamite bowed its hoUow and 
fragile stems over the edges of the lakes ; the tree-ferns 
grew luxuriantly in the shelter of the hills, and gave a 
wild beauty to the humid valleys ; the lepidodendrons 
spread themselves in mighty forests along the plains, 
which they covered with their curious cones ; whilst the 
sigillariae extended their multitudinous branches, wreath- 
ing like serpents amongst the luxurious vegetation, and 
embraced, with their roots (stigmariae), a most extensive 
space on every side.* 

The seas and lakes of this period abounded with 
minute animals nearly allied to the coral animals, which 
are now so actively engaged in the formation of islands 
in the tropical and southern seas. During the ages 
which passed by without any remarkable disturbance of 

* On the Vegetation of the Carboniferous Period as compared with 
that of the present day j On some peculiarities in the structure of 
Stigmaria; Remarks on the Structure and Affinities of some Lqn- 
dostrobi : by Dr. Hooker; Memoirs of the Geological Survey, 
Ac., vol. ii. pp. 387, 431, 440. 
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its transitions^ and be in a better condition for applying 
our knowledge of physical power to the explanatipn of 
the various geological phenomena. 

Among the earliest races we have those remarkable 
forms^ the trilobites^ inhabiting the ancient ocean. 

These Crustacea bear some resemblance^ although a 
very remote one^ to the common wood-louse^ and^ like 
that animal^ they had the power of rolling themselves 
into a ball when attacked by an enemy. The eye of the 
trilobite is a most remarkable organ ; and in that of one 
species^ Phacopa caudatuSy not less than two hundred and 
fifty lenses have been discovered. This remarkable 
optical instrument indicates that these creatures Uved 
under similar conditions to those which surround the 
Crustacea of the present day. 

At the period of the trilobites of the Silurian rocks, 
all the animals contemporaneous with them had the 
organs necessary for the preservation of life in the 
waters. 

Next in order of time to the trilobite, the most singular 
animals inhabiting those ancient seas, whose remains 
have been preserved, are the Cephalopoda, possessing 
some traces of organs which belong to vertebrated 
animals. There are numerous arms for locomodon and 
prehension, arranged in a centre round the head, which 
is furnished with a pair of sharp, horny mandibles, 
embedded in powerful muscles. These prehensile arms 
are provided with a double row of suckers, by which the 
animal seized its prey. Of these cephalopodous HniTi^ftlft 
there are many varieties, but all of them appear to be 
furnished with powers of rapid locomotion, and those 
with shells had an hydraulic arrangement for sinking 
themselves to any depth of the seas in which, without 
doubt, they reigned the tyrants. 

Passing by without notice the numerous fishes, which 
appear tg have exhibited a similar order of progression 
to the other animals, we must proceed to the more 
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remarkable period when the dry land first began ta 
appear. 

All the animals found in the strata we have mentioned 
are such as would inhabit the seas ; but we gradually 
arrive at distinct evidence of the separation of the land 
from the water, and the "green tree yielding seed" 
presents itself to our attention ; not that the strata 
earlier than this are entirely destitute of any remains 
indicating vegetable growth, but those they exhibit are 
such as, in all probability, may be referred to marine 
plants. 

Those plants, however, which are foUnd in the car- 
boniferous series are most of them distinguished by all 
the characteristics of those which grow upon the land ; 
we, therefore, in the mutilated remains of vegetation left 
OB in our coal-formations, read the history of our early 
world. 

Then the reed-like calamite bowed its hollow and 
firagile stems over the edges of the lakes ; the tree-ferns 
giew luxuriantly in the shelter of the hiUs, and gave a 
wild beauty to the himiid valleys ; the lepidodendrons 
ipread themselves in mighty forests along the plains, 
which they covered with their curious cones ; whilst the 
aigillariae extended their multitudinous branches, wreath- 
mg like serpents amongst the luxurious vegetation, and 
embraced, with their roots (stigmariae), a most extensive 
space on every side.* 

The seas and lakes of this period aboimded with 
minute animals nearly allied to the coral animals, which 
are now so actively engaged in the formation of islands 
HI the tropical and southern seas. During the ages 
which passed by without any remarkable disturbance of 

♦ On the Vegetation of the Carboniferous Period as compared with 
Hat of the present day ; On some peculiarities in the structure of 
BHgmaria j Remarks on the Structure and Affinities of some Lejn- 
hitrobi : by Dr. Hooker; Memoirs of the Geological Survey, 
fcc., vol. ii. pp. 387, 431, 440. 
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the sQT&ce of the earthy the many bands of mountain; 
limestone were formed by the ceaseless activity of these 
minute architects. Enerinites (creatures in some respects 
resembling star-fish) existed in yast numbers in the 
oceans of this time ; and the great Tarieiy of bivalre 
shells^ and those of a spiral character^ discovered in the 
rocks of this period, show the waters of the newer pab&- 
ozoic period to have been instinct with life. 

In the world then, a« it does now, water acting (Ml 
the dry land produced remarkable dianges. We have- 
evidence of extensive districts over wlach the moit 
luxuriant vegetation must have spread for ages, — from 
the remains of plants in every state of decay, — ^which we- 
find went to form our great coal-fields. These, by some 
changes ia the relative levels of land and water, became 
covered with this fluid ; and over this mass of decaying- 
organic matter, sand and mud were for ages being de- 
posited. At length, rising above the surfeu^, it becomes 
covered with vegetation, which is, after a period, sub- 
merged ; the same deposition of sand and mud again 
takes place, it is once more fitted for vegetable growth, 
and thus, cycle after cycle, we see the diy land and the 
water changing places with each other. This will be 
evident to every one who will carefully contemplate a 
section of one of the coal-fields of Great Britain. We 
find a stratum of coal lying upon a bed of under clay, and 
above it an extensive stratum of shale or sandstone, pro- 
bably formed by the denudation of the neighbouring 
hills ; and in this manner we have many strata of coal, 
shale, clay, ironstone, and sandstone altematiag with 
each other ; the coal-formations of the South Wales coal- 
field having the extraordinary thickness of 1500 feet. 
The lowest bed of this extensive series must at one time 
have been exposed as the surface of the country. 

Ascending in the series, we have now formations of a 
more recent character, in which fishes of a higher order 
of organization, creeping and flying saurians, crocodiles- 
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and lizards, tortoises^ serpents, and (rogs, are found. 
The lias formations (a term corrupted &om layers), con- 
sisting of strata in which an ai^illaceous character 
pieyails, stand next in series. In these we have animals 
pr es e r ve d in a fossil state, of a distinguishingly different 
character from those of the inferior strata. We meet 
with extended beds of pentacrinites, some inches in 
ihickness; and their remains are often so very complete 
that every part of the skeleton can be made out, although 
ao complicated that it cannot consist of less than 150,000 
parts. In these formations we often find the curiously 
beaotifbl remains of the ammonites, of which a great 
variety have been discovered. Of the belemnites — 
aniTnalff foznished with the shell and the ink-bag of the 
cmttle-fish, with which it darkened the water to hide 
itaelf from enemies, numerous varieties have also been 
disentombed, with the ink-bag so well preserved, that 
the story of the remarkable fossil has been written with 
its own ink. In addition to these we find nautili ; and 
sixty species of extinct fishes have been described by 
Agassis from the lias of Lyme Regis alone. 

When these rocks were in the progress of formation, 
there existed the ichthyosaurus, or fish-lizard, which 
appears, in many respects, to have resembled the croco- 
£]e of the Nile. It was a predatory creature of enor- 
mous power, and must have been the tyrant and terror 
of the seas which it inhabited. Its alligator-like jaws, 
its powerful eye, its fish-like fins, and turtle-like paddles, 
were all formed to facilitate its progress as a destructive 
mmister. The plesiosaurus was, if possible, a still more 
extraordinary creation. To the head of a lizard was 
muted an enormously long neck, a small and fish-like 
body, and the tail of a crocodile : it appears jformed for 
existence in shallow waters, so that, when moving at 
the bottom, it could lift its head above the surface for 
air, or in search of its food. The flora of this period 
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must have been extensive ; and it resembled the vegeta- 
tion which exists at present in Tropical regions. 

We pass now to a new epoch, which is well distin- 
guished by its animals fipom all that had preceded 
it. Races of reptiles still have place upon the earth, 
and we have now the megalosaurian remains; these 
animals possessing a strength and rapacity which would 
render them objects of terror as well as astonishment, 
could they be restored to the world which they once 
ravaged. An enormous bat-hke creature also existed 
at this time — ^the pterodactyl — which, in the language 
of Cuvier, was, " undoubtedly, the most extraord^ary 
of all the beings of whose former existence a knowledge 
is granted to us, and that which, if seen aUve, would 
appear most unlie anything that exists in the present 
world.^* " You see before you,^' says the same writer, 
'^ an animal which, in all points of bony structure, from 
the teeth to the extremities of the nails, presents the 
well-known saurian characteristics, and of which no one 
can doubt that its integuments and soft parts, its scaly 
armour and its organs of circulation and reproduction, 
are likewise analogous. But it was, at the same time, 
an animal provided with the means of flying ; and, when 
stationary, its wings were probably folded back like 
those of a bird, although, perhaps, by the claws attached 
to its fingers, it might suspend itself from the branches 
of trees.''* 

From the disintegration of the older rocks have no 
doubt arisen those formations which are known as the 
oolitic series. In these strata are preserved the remains 
of plants and animals more resembhng those which now 
exist upon the earth ; and, for the first time, — ^unless 
the evidence of the footsteps of birds on the new red 

* See Owen, Quarterly Journal of the Geological Society, No. (K 
p. 96. Dr. Buckland, Geological Transactions, vol. iii. p. 220 
The Wonders of Geology : by Dr. Mantell, vol. ii. p. 493. 



THE WEALDEN FORMATIONS. 343 

sandstone of America be accepted^ — ^we meet with the 
remains of the feathered tribes. 

In these formations we discover animals belonging to 
the class Mammalia^ — ^the amphitherium and the phas- 
colotherium^ — ^which appear to have resembled, in many 
respects^ the marsupial animals of New Holland.* 

The wealden formations, which are the next in order 
of position^ are a series of clays and sands, with sub- 
ordinate b^ of limestone, grit, and shale. These have, 
in some instances, been formed in the sea ; but they are 
usually r^arded as fresh- water deposits. All the older 
rocks bear evident marks of marine origin, unless some 
of the coal-measure strata may be regarded as other- 
wise; but nearly all the wealden series contain the 
remains of land, fresh-water, and estuary animals, and 
of land v^etables. The creatures which we discover, 
preserved, to tell the history of this period, are nume- 
rous, and have marked pecidiarities to distinguish them 
from those already described, or from any now existing 
on the earth. We find land saurians of a large kind, 
and animals of all sizes ; even insects, of which a great 
variety are found in the wealds. The remarkable 
iguanodon was an animal which, even by the cautious 
measurement of Professor Owen, must have been at 
least twenty-eight feet long ; and this enormous creature 
was suspected, by Cuvier, and has been proved by Owen, 
• to have been an *^ herbivorous saurian for terrestrial 
life/'t I^i** Mantell calculates that no less than seventy 
individuals of the iguanodon of all ages have come 
under his notice ; and the bones of a vast number of 
otliers must have been broken up by the workmen in 

♦ Report on British Fossil Mammalia : by Kichard Owen, Esq., 
F.B.S. ; British Association Beports, vols. xi. xii. 

f Notice on the Iguanodon, a vewly discovered fossil reptile from 
ike sandstone qf Tilgate Forest, in Sussex : by Gideon Mantell, 
Esq , F.R.S., &c. ; Philosophical Transactions, toI. cxv. p. 170. 
On the Structure of Teeth ^ l^c, ; by Professor Owen. 
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the few quarries of Tilgafce grit ; so that these creatures 
were by no means rare at the period of their existence.* 

The uppermost of these secondary formations is' the 
cretaceous or chalk group^ which spreads over a large 
portion of south-eastern England, and is met with in all 
parts of Europe. This chalk, which is a carbonate of 
Hme, appears to have been slowly precipitated from 
tamquil water, as, according to Sir Henry De la Bech^ 
oi^^anic remains are beautiftdiy preserved in it. Sub- 
stances of no greater solidity^ tiian commcm sponges 
lebdn their forms, delicate i^ells remain unbroken, fish 
even are frequently not flattened, and altogeHier we 
have the appearances which justify us in conclndii^ 
that, since these organic exuviae were entombed, they 
lave been protected from pressure by the consolidaticm 
of' the rock around them.f 

Beneadi the chalk exists what has been called, from 
itar colour— derived from a silicate of the protoxide of 
iron, — green sand, and was, no doubt, foim^ by depo- 
sition from, the same water in which^ tiie carbcmate of 
lime was sui^ended, — ^the green sand falling to the 
bottom more readily from its greater specific gravity. 
" The tranquiUity,^' observes Sir Henry De la Beche^ 
"which seems to have prevailed during this great 
accumulation of siliceo-calcareous matter, whether it 
JUBky have been a deposit from water, in which it was 
mechanically suspended, partly the work of living 
creatures, or in a great measure chemical, is very 
remarkable.^^t 

In the chalk, the remains of the leaves of dicotyle- 
donous plants and fragments of wood are found mare 
abundantly than in the earlier strata, many of which 

* Dr. Mantell, Wonders of Geology. Geology of the South-east 
o^ England. 

f Geological Researches: Geological Manual: by Sir Henry 
Thos. De la Beche, C.B., &c. 

1 Ibid. 
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4Kre marked with the perforations of marine worms^ 
indicating that they had floated for some time in the 
ocean. It should^ however^ be remembered^ that these 
are not the first indications of y^etable life^ — ^leaves 
have been found in the new red sandstone; and the 
flora of the coal formation must not be forgotten. The 
manner in which silica has deposited itself on organic 
bodies — such as the sponges — ^is curious; the whole of 
the organized tissue being often removed^ and flint 
having taken its place. Flints formed by such a process 
aa this abound in the upper chalk. The association of 
earbon and silicon^ combined with oxygen^ as we find 
them in the cretaceous formations^ is most interesting, 
and naturally gives rise to some speculation on the 
relation of these two elements. Both carbon and 
silicon^ as has been already shown, exist in several 
allotropic conditions; and, although the statements 
made by Dr. Brown relative to the conversion of carbon 
into ailicon are i»roved to be groimded on experimental 
enor, it is not improbable that a very intimate relation 
may exist between these elements.* The probability is, 
that the sponge animal has the power of secreting silica 
to give strength to its form. ^^Many species,^' says 
Bymer Jones, speaking of recent sponges, '^ exhibiting 
the same porous structure, have none of the elasticity of 
the officinal sponge — a circumstance which is due to the 
difference observable in the composition of their 
skeletons or ramified frame-work. In such the living 
crust forms within its substance not only tenacious 
handa of animal matter, but great quantities of crystal- 

* Experimental Researches on the production of Silicon from 
Parmci^emogen : by Samuel Brown, M.D. ; Transactions of the 
fioyal Society of Edinburgh, toI. xv. p. 229. Experiments on the 
alieged conversion of Carbon into Silicon : by K. H. Brett, Ph.D., 
and J. Denham Smith, Esq. ; Philosophical Magazine, vol. xix 
p. 295, New Series. See also Dr. Brown s reply to the above, 
ibid, p. 388. 
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lized spicula, sometimes of a calcareous, at others of a 
siliceous, nature." Thus, a frame of siliceous matter 
being formed by the living animal, a deposition of the 
same substance is continued after death. 

Sea-urchins and star-fish, and numerous fossil shells, 
are found in these beds, which, however, differ materially 
from the remains of the same animals found in the 
earUer formations. A vast number of new species and 
genera of fish are also discovered in the chalk. 

Nearly all the animals and plants which existed up to 
this period are now extinct, although they have some 
imperfect representatives at the present day. 

The uppermost group, which has been called the 
supercretaceous or tertiary formation, appears in our 
island to have been formed during four great eras, as 
we find fresh-water deposits alternating with marine 
ones. The term eocene, which is the first or oldest 
deposit ; miocene, which is the second ; pliocene, wlrich 
is the third ; and the newer pliocene, which is the fourth 
and last, have been applied to these formations, the 
names referring to the respective proportions of existing 
species found among their fossil shells.* 

All these formations show distinct evidence of their 
having been deposited from still or slowly-flowing deep 
waters. Thus the eocene appears in the Paris basin, — 
formed clearly at an estuary, in which are mingled some 
interesting fresh-water deposits; — in the lacustrine 
formations in Auvergne ; also at Aix ; and iu the north 
of Italy. It appears probable that, in the formations 
generally termed eocene, both fresh-water and marine 
deposits have been confounded, and several formations 
of widely-different eras regarded as the result of one. 
We have not yet been furnished with any distinct and 
clear evidence to show that the deposits of the Pam 

* Geology y Introductory, Descriptive^ and Practical: by Prof 
Ansted, vol. it. p. 22. 
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basin^ and those of Auvergne, are of the same age. 
At all events, it is suflficient for our present purpose to 
know vthat they are the result of actions which are now 
as general as they were when the plastic clay of Paris, 
aad its sulphate of lime, or the London clay, were slowly 
deposited. 

As a general conclusion, we may decide that, at the 
eocene period, existing continents we^e the sites of vast 
lakes, rivers, and estuaries, and wei*e inhabited by quad- 
rupeds, which hved upon their thickly-wooded margins. 
Many remains, aUied to those of the hippopotamus, have 
been found in the subsidences of this period. 

Examples of the miocene or middle tertiary era are 
to be found in Western France, over the whole of the 
great valley of Switzerland, and the valley of the Danube. 
In these deposits we find the bones of the rhinoceros, 
elephant, hippopotamus, and the dinotherium, an extinct 
animal, possessing many very distinguishing features.* 

The pliocene period has been termed the age of 
elephants, and is most remarkable for the great mas-^ 
todons and gigantic elks, with other animals not veiy 
unlike those which are contemporaneous with man. 

In the superficial layers of the earth, the diluvium, 
alluvium, peat and vegetable soil, we have a continuation 
of the history of the mutations of our globe and of its 
inhabitants, which has beenhereso briefly sketched. They 
bring us up to the period when man appeared in the 
world, since whose creation it is evident no very exten- 
ave change has been produced upon the surface. We 
have viewed the phenomena of each great epoch, marked 
as they are by new creations of organized beings, and it 
would appear as if, through the whole series, from the 

* The Wonders of Geology : by Dr. Mantell, vol. i. p. 162. 
Bridgewater Treatise : by Dr. Buckland. Dr. J. J. Kemp, and 
Dr. A. V. Klipstein, On the Dinotherium; Darmstadt, 1836. 
Cuvier and De Blainville have also carefully described the fossil 
remains of this animnl. 
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primary rocks up to liie modem aQuvial deposits^ a pro- 
gressive improTement of the eartib'a svr&ce had heen 
effected^ to fit it at last fbr Ihe abode of the human 
race. 

Thns have we preserved for us^ in a natural manner^ 
evidences which, if we read them aright, must convince 
w that the laws by which creation has ever been, regu- 
lated are as constant and unvarying as the Eternal mmd 
by which they are decreed. Our earth, we find, by the 
records preserved in the foundation-stones of her moun- 
tains, has existed through countless i^s, and throng 
them all exhibited the same active energies that prevail 
«t the present moment. By precisely similar influences 
to tliose now in operation, have rocks been, fbrmed, 
whidi, under like agencies, have been covered witli 
vegetation, and sported over by, to us, strange varieties 
of animal life. Every plant tikat has grown upon Ae 
earliest rocks which presented their faases to the life- 
giving sun, has had its influence on the mibsequent 
ehanges of our planet. Each trilobite, each saurian, 
and every one of the mammalia which exist in the fossil 
state, have been small laboratories in which the great 
work of eternal change has been carried forward, and, 
under the compulsion of the strong laws of creation, 
they have been made ministers to the great end of form- 
ing a world which might be fitting for the presence of a 
creature endued with a spark taken from the celestial 
flame of intellectual life. 

For a few moments we will return to a consideration 
of the operations at present exhibiting their phenomena^ 
and examine what bearing they have upon our know- 
ledge of geological formations. 

During periods of immense, but imknown, duration, 
the ocean and the dry land are seen to have changed 
their places. Enormous deposits, formed at the bottom 
of the sea, are lifted by some mechanical, probably 
volcanic, force, above the waters, and the land, like the 



849^ 

ocean snrroimding it^ teems with life. This state of 
things lasis for ages ; bnt the time arriyes when the 
ocean again floods the land, and a new state of things, 
aver a particular district, has a beginning. 

It must not be imagined that the changeswhich wehave 
spoken of, as if they were the result of slow decay and 
gradnal deposit, w^e effected without occasional violent 
convulsions. Many of the strata which were evidently 
deposited at the bottom of the sea, and, of course, as 
hcnizontal beds, are now found nearly vertical. We 
have evidence of strata of immense thickness having^ 
been subjected to forces that have twisted and contorted 
them, in a most remarkable manner. Masses of solid 
rook, many thousand feet deep, are frequently bent and 
jGractored throughout their whole extent. Mountaroa 
have been upheaved by internal force, and immense 
diatriots have suddenly sunk far below their usual leveL 
By the expansive force due to that temperature which 
moist be required to melt basaltic^ and trap rocks, the 
whole of the superficial crust of a country has been 
heaved to a great height, immense fissures have been 
fixrmed by the breaking of the mass, and the melted 
matter hak been forced through the opening, and over- 
flowed extensive districts, or volcanoes have been formed^ 
and wide areas have been buried und^ the ashes ejected 
fifom them. With the cause of these convulsions we^ 
are at present unacquainted. 

We have evidence of the extent to which these forces 
may be exerted, in the catastrophes which have occurred 
witihin historicsd times, and which have happened even 
in our own day. Herculaneum and Pompeii, buried 
under the lava and ashes of Vesuvius, in an hour when 
the inhabitants of these cities were imprepared for such 
a fearful visitation, — ^the frightful earthquakes which 
have, from time to time, occurred in South America- 
are evidences of the existence of hidden forces which 
shake the firm-set earth. Similar ravaging catastrophes- 
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may have often occorred^ and^ involving cataclysms, 
swept the surface to produce the changes we detect ov&r 
every part of the earth, compared with which the earth* 
quakes and floods of history are but trivial things. 
Svidence has been adduced, to show that the mountains 
of the Old World may have approached in height the 
highest of the Andes or Himalayas, and these have not 
been destroyed by any sudden effect, but by the stow 
disintegrating action of the elements.'i^ All these 
phenomena are now in progress: the winds and the 
rains wear the faces of the exposed rock ; their debris, 
mixed with decayed vegetable and animal matter, are 
washed off from the siuface, and borne away by Ae 
rivers, to be deposited in the seas. Thus it is that the 
great delta of the Ganges is formed, and that a continuai 
increase of matter is going on at the mouths of riven. 
The Amazon, the Mississippi, and other great rivers, 
bear into the ocean, daily, thousands of tons of matte 
from the surface of the earth.f This is^ of course, de- 

'^ See Professor Eamsay's memoir On Denudation: Memoiis 
of the Geological Survey of Great Britain. 

f " The distances to which river water, more or less chaiged 
with detritus, would flow over sea water, will depend upon a varielj 
of ohvious circumstances. Captain Sabine found discoloured water, 
supposed to be that of the Amazons, three hundred miles distant 
in the ocean from the embouchure of that river. It was about 
120 feet deep. Its specific gravity was = 1*0204, and the specific 
gravity of the sea- water = 10 262. Tliis appears to be the 
greatest distance from land at which river water has been detected 
on the surface of the ocean. If rivers, containing mechani<»llj 
suspended detritus, flowed over sea-water in lines which, in genen) 
terms, might be called straight, the deposit of transported matter 
which they carried out would also be in straight lines. F, 
however, they be turned aside by an ocean current, as was the 
case with that observed by Captain Sabine, the detritus would he 
thrown, and cover an area corresponding in a great degree with 
the sweep which the river has been compelled to make out of the 
course, tnat its impulse, when discharged from its embouchiurr. 
might lead it to take : supposing the velocity with which this river 
water was moving has been correctly estimated at about three 
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posited at the bottom of the sea/ and it must^ in the 
process of time^ alter the relative levels of the ocean 
and the land. Islands have been lifted by volcanic 
power from the bottom of the sea, and many districts 
in South America have been depressed by the same 
causes. 

Changes as extensive have been, in aU probability, 
effected by forces " equally or more powerful, but acting 
with less irregularity, and so distributed over time as to 
produce none of those interregnums of chaotic anarchy 
which we are apt to think (perhaps erroneously) great 
disfigurements of an order so beautiful and harmonious 
as that of nature.''* These forces are, without doubt, 
even now in action. 

Had it not been for these convulsive disturbances of the 
sorfiEUK, the earth would have presented an almost imi- 
foirm plain, snd it would have been ill-adapted for the 
abode of man. The hills raised by the disturbances of 
nature, and the valleys worn by the storms of ages, 
minister especially to his wants, and afford him the 
means of enjoyment which he could not possess had the 
surface been otherwise formed. The " iced mountain 
tops,'' condensing the clouds which pa&s over them, send 
down healthful streams to the valleys, and supply the 

miles per bour» it is not a little curious to consider that the agir 
tation and resistance of its particles should be sufficient to keep 
finely comminuted solid matter mechanically suspended, so that it 
would not be disposed freely to part with it, except at its junction 
with tbe sea-water over which it flows, and where, from friction, 
it is sufficiently retarded. So that a river, if it can preserve a 
given amount of velocity flowing over the sea, may deposit no 
very large amount of mechanically suspended detritus in its course 
from the embouchure, where it is ultimately stopped. Still, how- 
evert though the deposit may not be so abundant as at first sight 
would appear probable, the constant accumulation of matter^ how- 
ever inconsiderable atanv given time, must produce an appreciable 
effect during the lapse of ages.'*— Sir Henry De la Beche's Geo- 
logical Researches^ p. 72. 
♦ Sir J. F. W. Hei-schel : Preliminary Treatise, 



852 FORM OF THE EA&TH^« fiUSFACE. 

springs of the earthy thus securing the fertilit|r and 
salulnritjr of the distant plains. The seireritifis of climate 
are mitigated by these conditions^ and bo& ihe peq^ 
of the tropics and those dwelling near the poles ore 
equally benefited by them. 

Gravitation^ cohesion^ motion^ chemical force^ heat, 
and electricity^ must, from that hypothetical time when 
the earth floated a cloud of nebulous vapour, in a stiite 
of gradual condensation upi;o the present moment^ have 
been ^^ercising their powers, and r^ulating the muta^ 
tioms of matter. 

When the dry land was beneath the waters, and when 
darkness was upon the face of the deep, the same great 
operations as those which are now in progress in the 
depths of the Atlantic, or in the still waters of our 
inland lakes, were in fiill activity. At length tibe dry 
land appears; and — ^mystery of mysteriies — it soon 
becomes teeming with life in all the forms of vegetable 
and animal beauty, under the aspect of the beams of a 
glorious sun. 

Geology teaches us to regard our position upon the 
earth as one far in advance of all former creations. It 
bids us look back through the enormous vista of time, 
and see, shining still in the remotest distance, the light 
which exposes to our vision many of nature^s holy 
wonders. The elements which now make up this 
strangely beautiful fabric of muscle, nerves, and bone, 
have passed through many ordeals, ere yet it became 
fashioned to hold the human soul. No grain of matter 
has been added to the planet, since it was weighed in a 
balance, and poised with other worlds. No grain of 
matter can be removed from it. But in virtue of those 
forces which seem to originate in the sun, " the soul of 
the great earth,^^ a succession of new forms has been 
produced, as the old things have passed away. 

Under the forces we have been considering, acting as 
so many contending armies, matter passes from one 
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condition to another^ and what is now a living and a 
breathing creature^ or a delicate and sweetly-scented 
flower, hsfl been a portion of the amorphous mass whidi 
once lay in the darkness of the deep ocean, and it will 
again, in the progress of time, pass into that condition 
where no evidences of organization can be found,— again^ 
perhaps, to arise clothed with more exalted powers than, 
even man enjoys. 

When man places himself in contrast with the Intdli- 
gences beyond him, he feels his weakness; and the 
extent of power which he can discover at work, guided 
by a mysterious law, is such, that he is dwarfed by its 
immensity. But looking on the past, surveying the 
progress of matter through the inoi^anic forms up to 
the higher oi^anizations, until at length man stands 
jrevieBl^ as the chief figure in the foreground of the 
picture, the monarch of a world on which such elaborate 
eare has been bestowed, and the absolute ruler of all 
things around him, he rises like a giant in the conscious 
strength of his fiEU*-searching mind. That so great^ 
«o noble a being, should suffer himself to be degraded by 
the sensualities of life to a level with the creeping things^ 
upon which he has the power to tread, is a lamentable 
spectacle, over which angels must weep. 

The curious connection between the superstitions of 
vaces, the traditionary tales of remote tribes, and the 
developments of the truths of science, are often of a 
vexj marked character, and they cannot but be r^arded 
aw instructive. In the wonders of " olden time'' fiction 
has ever delighted ; and a thousand pictures have been 
produced of a period when beings Hved and breathed 
upon the earth which have no existence now. 

Hydras, harpies, and sea-monsters, figure in the myths 
of antiquity. In the mythology of the northern races 
of Europe we have fiery flying dragons, and Poetry has 
placed these as the guardians of the ^'hoarded spirit'^ 
and protectors of .the enchanted g(dd. 
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. 1?liroiigk the whole of the Tomflnoe period 
Utarature, lu^tUiig figsneB but serpents^ ^white and 
lied/' toilhig and figh^igund e rgr on ndy — dsasfBodnemg' 
earthquakei, as m the atorjr of Merhsi and the hafldhig^ 
of Ston^enge. Flying monsters, griffias and otfaerv 
which now lire only in the meanmgleaB emhdiiahiiiaita 
of heraldry, appear to have been eonceiyed % iheeaai£er 
races of men as the representatives of power. CnrioaS' 
is it, too, to find Ihe saine daaa of ideaa pxevaiUng in 
the East. The monster dragons of the Chinese, hlasooed 
(m ,their standards and omami^iting their temples; — 
the Buddaical superstition that the world ia supported 
on a Tast elephant, whioh stands on the back of a tor- 
tcHse, which again rests cm a serpent, whose moTemcntS' 
produce earthquakes and violent oonvuisiaoas ; — the rude- 
decorations also of the temples of the Aztecs, which 
ha;ve been «o recently restored to our k&fG^edge by the- 
adv^iturous travellers of Cental .Anieiica^-«--all gwo' 
expressi<m to the same mythological idea. 

Do not these indicate a faint and shadowy knowle^e- 
of a previous state of organic exist^ice? The process 
of communion between man of the present, and the 
creations of a former world, we toiow not; it is. 
mysteriojis, and for ever lost to us. But even the most 
ignorant and uncultivated races of mankind have figured 
for themselves the images of creatures which, whilst 
they do really bear some resemblance to things which 
have for ever passed away, do not, in the remotest 
degree^ partake of any of the peculiarities of exiding^ 
creations. 

The ichthyosaurus, arid the plesiosaurus, and the 
pterodactylus, are preserved in the rude in^ages of 
harpies, of dragons, and of griffins ; and, although the 
idea of an elephant standing on the back of a tortoise 
was often laughed at as an absurdity. Captain Cautley 
and Dr. Falconer at length discovered in the hills of 
Asia the remains of a tortoise in a fosgil state of such a. 
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tiiat ail defiant co«ld eaaly kave perfermed tihe^ 
* • 

Of die smnoBiteB, we have more exact evidenoe ; 
Hiejr weve obaerfed ty got forelathers^ and odSed bjr 
UMaai aBaba-^tones. Acooadmg tx> &e l^ends of OaiSio- 
iio aaxDtB tfaejr were ccmaiderod as poBseaaing a sacred 



** Of these and sni&es, each one 
Was changed into a coil of stone 
When holy Hilda prayed/' 

And in additi(m to this petrifying process, one of 
decapitation is said to liaye been ^ected; hence the 
reason why these tnaie^onef haTe no heads. 

We also find^ in the northern districts of our island^ 
that the name of ^' St. Cuthberf s beads '' is applied to 
the fossil remains of encrinites. 

Thns we learn that, to a great extent^ fiction is 
dependent upon trath for its creatiokis; and we see that 
when we come to investigate any wide-spread popular 
superstition^ although mndi distorted by the mediimi of 
error through which it has passed, it is fi^quently 
fiyonded upon some fragmentary truth. Hiere are float- 
ing in the minds of men c^ain ideas which are not the 
rmdt of any associations drawn from things around; 
we reckon them amongst the mysteries of our being. 
May they not be the truths of a former world, of which ' 
we receive the dim outshadowing in the present, like the 
£unt lights of a distant Pharos, seen through the mists 
of the wide ocean? 

' Man treads upon the wreck of antiquity. In times 
which are so long past, that the years between them 
cannot be numbered by the aids of our science, geology 

* Fauna Antigua Sivalensis. Being the Fossil Zoology of the 
Sewalik Hills in the North of India : by Hugh Falconer and Proby 
T. Oautley. 1844. 
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^teaches us tliat forms of life existed perfectly fitted {ot 
the conditions of the period. These performed thsir 
offices in the great work ; they passed away^ and others 
succeeded to carry on the process of building a world 
for man. The past preaches to the present^ and from 
its marvellous discourses we venture to infer something 
of the yet unveiled future. The forces which have 
worked still labour: the pheiiomena which they have 
produced will be repeated. 

Ages on ages slowly pass away, 
And nature marks their progress hj decay. 
The plant which decks the mountain with its bloom. 
Finds in the earth, ere long, a damp durk tomb : 
And man, earth's monarch, howe*w great and brave- 
Toils on— to find at last a silent grave. 
The chosen labours of his teeming mind 
Fade by the light, and crumble 'neath the wind; 
And e*en the hil]s, whose tops appear to sbrond 
Their granite peaks deep in the vapoury cloud. 
Worn py tempests — ^wasted by the rains, 
Sink slowly down to fill wide ocean's plains* 
The ocean s breast new lands a^ain display. 
And life and beauty drink the light of day : 
The powers which work at great creation's wheel. 
Will from the wrecks of matter still reveal 
New forms of wondrous beauty — which will rise 
Pure as the flame of love's younc^ sacrifice. 
Beaming with all the pristine hues of youth. 
Robed by the day, and crowned by holy truth. 
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CHAPTER XIV. 

PHENOMENA OF VEGETABLE LIFE, 

Psychology of Flowers — Progress of Matter towards Organiza- 
tion — ^Vital Force— Spontaneous Generation— The Vege- 
taj)le Cell — Simplest Devdo^ment of Organization — The 
Crystal and the Cell — ^Primitive Germ — ^ProOTess of Vege- 
tation—Influence of Light — Morphology — Germination- 
Production of Woody Fibre — Leaves---ChlorophyIle— De- 
composition of Carbonic Acid — Influence of Lignt, Heat, 
and Actinism on the Phenomena of Vegetable Life — Flowers 
and Fruits — Etiolation — Changes in the Sun's Bays with the 
Seasons — Distribution of Plants — ^Electrical and Combined 
Physical Powers. 

The variety of beautiful forms whicli cover the surface 
of this sphere^ serve, beyond the physical purposes to 
which we have already alluded, to influence the mind^ 
and give character to the inhabitants of every locali1^« 
There are men who appear to be dead to the mud 
influences of flowers; but these sweet blossoms — ^the 
stars of our earth — exert a power as diffusive as their 
pervading odours. 
The poHst tells us of a man to whom 

The primrose on the rivei^s brim 
A yellow primrose was to him. 
And it was nothing more. 

But it was something more. He, perhaps, attended not . 
to the eloquent teaching of its pure, pale leaves : he 
might not have been conscious of the mysterious singing 
of that lowly flower : he might, perchance, have crushed 
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it beneath his rude foot rather than quaff the draught 
of wisdom which it secreted in its cell ; but the flower 
still ministered to that mere sensualist^ and in its 
strange^ tongueless manner^ reproved his passions, and 
kept him ^^a wiser and a better man/' than if it 
had pleased God to lave left the world without tiie 
lovely primrose. 

The psychology of flowers has found many students — 
than whom jiot one read them more deepfy than that 
mild spirit who sang of the Sensitive Plant, and in 
woDdraas xnottc foreshadowed his own sidbncUy 
&te> That Hiartyr to sensibility, Keats^ w^ kmged to 
fed Hie flowers growing* above him, drew the sCioiig 
inspirat]0n of hu vohuat muse firom Auoft^ ddBcate 
orations wUdb exliobit the passage of inorgHuc j t aMa 
into life ; and otiier poets will hKwe their aensibflities 
awakened by the aesthetics of flowers^ and find u nrrar 
of truth in the crystal dew-drop which dings so loriagly 
to the purple violet, and draws fresh beauti€» fim its 
coloured petals. 

If we examine carefoUy all the ocmditioiis of natter 
which we have made the subject of oar stnfiei, we 
cannot but perceive how gradual is tiie progvev of tfe 
involved action of tibe physical farces, aa we sdianes 
firom the molecule — the mexe particle of Boatter— loy to 
the cM^anic comlmtatioit. At first we detect only tte 
action of cohesion in fcnming the rude mass; thm we 
have the influence of the crystallogenic powen giii o g 
a remarkable reguhuity to bodies ; we next disepfcrfle 
influences of heat and electrical force in determining 
condition^ and of chemical action as contrdQed by them. 
Yet, still we have a body without organization. Li^t 
exerts its mysterious powers, and the same elements 
asanme an organised £onn ; > and, in additaon to Ikr 
recognised agendes, we dimly perceive othera €» "MA 

* Percy Bysshe SbeHey. 
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^tality evidently depends. These empyieal influence 
become more and moie complicated to us : ascending in 
ihe scajtey they lise beyond our science ; and, at length, 
we find t&em guiding the power of intelbgeDce, while 
mwthict and reason are exhibited in immediate d^end- 
•ence upon them. 

Let it not beimagiaedthatthiaTiew has any tendency 
to matorialism. The vital energy is regarded as a 
eparitaatiaation, and reason as a chvine emanatipa; but 
"tkgr aare eonnected with maierialities, on which they 
ac^ and hy which they are themselYes controlled. The 
-ovgaaoc cambinatimns, and the physical powers 1^ which 
these lonona of matter are effected and retamed, have a 
direet action over that etheveaBty which is lifi^ tod the 
powcn of life again eontrol these more material forces. 
'The spirit^ in whatever state, when Goaneeted with mat- 
ter, is, like Brometbeia chained to hi» rock, in a constant 
^straggle to eseape fieom its shaehlesy and assert the fiill 
power of its dmne strength. 

We have seen ^vaziety enough m the substances which 
make up the inoirgiiKie part ci creatum; but infinitely 
more varied are the forma of afgamaatifat. In the 
ipqpetaUe woild which ia immediatefy arouod us, from 
the green slbne ef ouar marshes to the lustroiui flowers 
<£ cmr gardens and the lordly trees oi our ferests, what 
SOL extraordinary diversity of form is apparent ! From 
ihe infusoria of an hour, to the gigantic elqdiant roam-> 
ing in his greatness in tiie forests of Siaix^— the noble 
lini of the caves of Senq;al — ^the mighty condor of the 
Andes — ^and onward to man, the monardt of them all, 
how vast are the differences, and yet how complete are 
thej in their respective conditions ! In the creation we 
liave examined, we have had conclusive evidence, that 
from the ooBahmati<»ei of atorn^ every peculiar 6xm has 
been produced. In the creation we are about to 
•examine, we shall discover that all the immense diversity 
cf form, of colour, and condition which is spread over 
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the world in the vegetable and animal kingdoms^ results 
from the combination of cells. The atom of Jnoi^anic 
nature becomes a <cell in oi^anic creation. This ceQ 
must be regarded as the compound radical of the chemist, 
and bj decomposing, it^ we destroy the essential ebment 
of organization. 

With the mysterious process by which the atcnn is 
converted into a cell, or a compound radical, we are im- 
acquainted; but we must regard the cell as the oiganie 
atom. It is in vain that the chemist or the phyaiologirt 
attempts to examine this change of the inorganic elements 
to an organized state; it is one of the mysteries of 
creation, which is to be, in all probabiHty, hid from our 
eyes, until this ^^ mortal coil^' is shaken off, and we 
enjoy the full powers of that intelligence which we 
are promised we shall enjoy in an immortal state. 

Again and again has the attention of men been 
attracted to the generatio aquivoca ; they have some- 
times thought they have discovered a generatio primiiwa 
or spontanea; but a more careful examination of these 
organisms has shown that an cmb^o existed — ^a real 
germination has taken place. 

Count Bumford* stated that threads of silk and 
wool had the power of decomposing carbonic acid 
in water in the sunshine; and hence some have re- 
ferred organization to a mere chemical change pro- 
duced by luminous excitation ; and we have heard of 
animal l^e resulting from pounded siliceous matter. All 
such statements must be regarded as evidences of imper- 
fect investigation. 

Dr. Carus, alluding to the experiments of Gruithuisen, 
Priestley, and Ingenhousz,t says : — "These show, more 

* Experimenis an the production of dephhffistieated air Jnm 
water with various substances: by Lieut.-General Sir BeDJamiD* 
Count of Rumford ; Phil. Trans., vol. Ixxvii. p. R4. 

f Experiments upon Vegetables^ discovering their great power of 
purifying the common air in the Sunshine, and of infuring ii m thf 
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than any other experiments^ tliat^ in the purest water^ 
under tiie influence of air, light, and heat, beings are 
formed, which, oscillating as it were between the animal 
and the plant, exhibit the primitiye germs of both king^ 
doms/'* Treviranust repeated, and appeared to con- 
firm these results ; but in these experiments we have no 
eyidenoe that the germ did not previously exist in the 
spring-water which was employed. 

Some have regarded the cell as a crystal; they see 
the crystal forming, by the accumulation of atoms, into 
a fixed form, imder the influence of an ^' inner life ;** 
and, advancing but a step, they regard the cell as the 
result of an increased exercise of the physical in- 
fluences, j: We have referred crystalline form to certain 
magnetic conditions ; and it is evident that the atomic 
cell is influenced by similar forces ; but if we place a 
crystal in its natural fluid, though it increases in size, it 
never alters in form : whereas, if we examine a cell in 

Shade and at Night : to which is joined^ A new method qf examifm§^ 
the aecwruie degrees of Salubrity qf the Atmosphere, by John Ingen- 
houBz, Gouncifior of the Court, and Bodj Physician to their Jm« 
perial and Eoyal Majesties, F.E.S., &c. London : printed for P. 
lamsley, in the Strand, and H. Payne, Pall Mall, 1779. 

♦ The Kiagdoms of Nature, their Ufe and affinity i by Dr. G, G. 
Claras ; Scientific Memoirs, vol. i. p. 228. 

f In BUjUogie, by G. B. Treviranus, vol. ii. p. 302, the following 
passage occurs : — *' If we expose spring water to the sun in open 
or eyen closed transparent vessels, auer a few days bubbles rise 
from the bottom, or from the sides of the vessel, and a green crust 
js temed at the same time. Upon observing this crust through 
a microscope^ we discover a mass of green particles, generally of a 
round or oval form, very minute, and overlaid with a transparent 
mucous covering, some of them moving freely, whilst others, per- 
feedj similar to these, remain motionless and attached to the sides 
of the vessel. This motion is sometimes greater than at others. 
Hie animalcules frequently lie as if torpid, but soon recover their 
former activity.'* 

X On the Structure qf the Vegetable Cell: by Mohl.— Scientific 
Memoirs, vol. iv. p. 118. Outlines of Structural and Phyncaf 
Botany : by Henfrey. 
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its Bfttund postioiiy it giyes mUfotiiuks ot motioBy it 
pvodvces otker cdl% and are hare a defelofmeafc ef 
<H^aiis wiudi aore is me leaqpect tike Moae in Soem m 
the originaL Rok a ircaiele fioatang isfKibb Id 
the unaided hfoaaa seiMie hk its iponh ^ Cold, is fm* 
chiced a piant fomusastg strange powony or an aaMinT 
gifted with ToKtioiiL The idea;,, that two idnmk il 
polarity — flight on one sidey aad gnrfitatioiE em tte 
_ ^ i the two peeo&r devriofoieHta of mots 
rand bfandies^ can only be n^avied as one eC ftcMi 
i&nciful analogies which pcoTB aaore inianinatiun than 
jriiilosoph^.'^ 

The ecnditiraLS are^ h e we f c i' , moetenriavi; tbx^if 
aerve ¥ery attentive atndy; hnt in exaaHDKDg tbe^fkmm^ 
menai, the safest eoorae ia to* allow tl» effeeta antingF 
arise to* interpret to us, and not admit Air lofe of kypi^ 
thesHtoleadiisintabewttdfiringandbgks; omnnamn 
phenomena t» betray as t^hasty inJotnces. Itiaof ttis 
evil that Bacon speaks^ in his " Advancement of Learn- 
ing." He SKTS r — 

''The root of this error, as of aB others in Hm, 
that men^ in their contemplations of nature, are 
.accustomed to make too timdy a departme, and taa 
remote a receaa firom experienee and partmdars, 
and have yielded and resigned themselves over to 
the fames of their own fimdes and popular argo^ 
mentaticms.^ 

Without venturing, therefare, to apecnlate mi the 
oi^in of tiiej^nmitEve edl, or unit of ovgaoielife^iAKh 
involves the problem of the metamarphoai» of n nrit 

* Dr. Cams, in iha memoir abeady qaofa^aays: — *^ B^mam, 
in tbe oigiaiiaation of the earU^li^^8]icL«iE,aflcoiiBtLtatiBga 
second integrant pari^ stand opposed to gravitation^ uad nait 
the plant bears a relation, not only to gravitation, botto li^it aiii^ 
when its formation is complete it will necessarily preaaot a aaaoai 
anatoimBal siyston, aamaiy, HuX eitiie ^iial veaaelfl^ which hafo 
been very justly consideredv of late, as tha organs that peifioim ia 
plants the functions of nerves.** 
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mass — 4ihe pamiAxre tnsisfi3nnatioiL of the radiooentuy 
latBoms into organic tana, — ^we nmst adaoit that the 
idi^y orgSBued plant or anbnat is but an aggregation 
<ji edb; their ammgement beii^ dependent upon 
-eextain propertiea peci^iar to them> and the exereise of 
tontM sndDi as we have been itndying^ — all of which 
appear to act extemaUf to the plant or aoimal itself. 
• Experiments have been brought forward, in which 
it appeared that, after all o^q^anizatioB which contdby 
any powihrlity have existed, had been destrc^red hj the 
aetkn of fire, aolnticma of ffint and metellic salts, 
hxwe, nnder the inftnence of etectvic currents, exhibited 
signs of oi^aaie fomntbn^ and that, indeed, insects — 
a qpecies of acan — ^haire bem developed in l^iem. The 
eKpfariments were said to have been made with eare, and 
many preeantions taken to shnt out all ehaoices of any 
CBRor, bat not ail the precsiitiGos required in amatter of 
sudt ezceedmg deiincy; and we are haoiti not to 
' receive the evidence aflForded as the true expression of a 
fiH±wxtti0iit muck farther iBveat^atioB. All experience, 
— aelting^ aside the experiment named, — is against the 
sappoaitiDnthat pounded or dissolved ffint ooidd by any 
artificial means be awakened into> Mfe. Ova may. 
have becA ooBfveyed into the vessds whidb contained 
the solidi(N» under experiment; and m due time^ 
alAlnpgfc possibiy quadcened hy electric excitation, 
the amJmafs — the most common of insects— <»me into 
esnrtoioe*^ 

' The rapid growth of comfisrvse upon water has often 
haen baot^ght ibrward as evidence of a spontanec^us 
geneiatioDy or tise coB^ersioD of inorganic dements into 
ofganieipimB ; but it has been most satisfactorily proved 
tbst tfae geim must be present, otherwise no evidence of 

' ♦ Mr. Gro88e'& Experiments, id the Jonroal of the LoncLon 
Elsctrlcal Socrety, ana Mr. Weekes in the Electrical Magazine* 
and a eomimmication appen^d to Expim&Hons : « Seqwet to the 
V§iiige» qfihe NMtitral SKitory qf Cnatimi. 
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anything like oi^anization will be developed. All the 
conditions requiml for the production of vegetable life 
appear to show^ that it is quite impossiblei for any kind 
of plants even the very lowest in the scale, to be lormed 
in any other way than from an embryo in which are 
contained the elements necessary for it, and the arrange- 
ments required for the various processes which are con* 
nected with its vitality. 

The earth is now covered with vegetable life, but 
there must have existed a time when ^^ darkness was 
upon the face of the deep/' and organization had not 
yet commenced tracing its lovely net-work of cells upon 
the bare surface pf the ocean-buried rock. At length 
the mystery of oi^anic creation began: into this 
science dares not penetrate, but it is privileged to b^in 
its search a little beycmd this point, and we are 
enabled to trace the progress of organic development 
through a chain of interesting results which are con-^ 
stantly recurring. 

If we take some water, rising from a subterranean 
spring, and expose it to sunshme, we shall see, after a 
few days, a curious formation of bubbles, and the 
gradual accumulation of green matter. At first we 
cannot detect any marks of organization — it appears a 
slimy cloud of an irregular and undetermined form. 
It slowly aggr^ates, and forms a sort of mat over the 
surface, winch at the same time assimies a darker green 
colour. Careful examination will now show the original 
corpuscles involved in a net-work formed by slender 
threads, which are tubes of circulation, and may be 
traced from small points which we must r^ard as the 
compound atom, the vegetable unit. We must not 
foi^et, here, that we have to deal with four chemical 
elements, — oxygen, hydrogen, carbon, and nitrogen, 
which compose the world of organized forms, and that 
the water aflFords us the two first as its constituents, 
gives us carbon in the form of carbonic acid dissolved 
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in it, and tliat nitrogen is in the air surrounding it, and 
frequently mixed with it also. 

Under the influence of sunshine, we have now seen 
these elements uniting into a mysterious bond, and the 
result is the formation of a cellular tissue, which pos- 
sesses many of the functions of the noblest specimens of 
vegetable growth. But let us examine the progress. 
The bare surface of a rock rises above the waters 
covered over with this green -slime, a mere veil of deli- 
cate net-work, which, drying off, leaves no perceptible 
trace behind it ; but the basis of a mighty growth is 
there, and under solar influence, in the process of time, 
other changes occur. 

After a period, if we examine the rock, we shall find 
upon its face little coloured cups or lines with small 
hard discs. These, at first sight, would not be taken for 
plants, but on dose examination they will be found to be 
Udiens. . These minute vegetables shed their seed and 
die, and from their own remains a more numerous crop 
nxrings into life. After a few of these changes, a sufficient 
depth of soil is formed, upon which mosses begin to 
develope themselves, and give to the stone a second 
time a feint tint of green, a mere film still, but indicating 
the presence of a beautiful class of plants, which, imder 
the microscope, exhibit in their leaves and flowers many 
points of singular elegance. These mosses, like the 
lichens, decaying, increase the film of soil, and others of 
a laiger growth supply their places, and run themselves 
the same round of growth and decay. By and by, 
funguses of various lands mingle their little globes and 
umbrella-like forms. Season after season plants, perish 
and add to the soil, which is at the same time increased 
in depth by the disintegration of the rock over which 
it is laid, the cohesion of particles being broken up by 
the operations of vegetable life. The minute seeds of 
the ferns floating on the breeze, now find a sufficient 
depth of earth for germination, and their beautiful 
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fironds^ eTentuallj, wmve in. lo^dixieBS to ibe puniBgr 
winds. 

Vegetable forms ti a ki^er and a Hf^but aadet 
gradually succeed eadi cyther^ eadk seriea peniiuBg ia 
due season^ and gjmng to the aoA additionai deaoidlB 
£»r the gnAiiii ci j^ants of tlieir own qiedes or tiion cf 
others. Elowenng herbs find a genu! bome on the 
OBoe bare rock ; and the primrose pale, tbe porple iox- 
glove^ or the ga»d j poppjr^ qpen their Aowen to the jof 
o£ light. 1^ shrubs iritii its hardjr roots iaterkeed 
through the soil^ and binding the Terjr stanea, grows 
rich in its I»!ght greenery. fiventnaHytfae tree spnag^^ 
from the soil, and where once the tempest beat on Aa* 
hare cold rock, is nowthe hwdly aiid branching mcnardi 
of the foi^esty witii its thoufiand lesLYts, affocdrng aheUsr 
fiom the storm for bird and beast. 

Snch are the conditionB which preml thnrnf^not 
nature in the progress of Tegetahle growth ; the gseea 
matter gathmng on a pond, the mildew acciimni a thig ^ 
on a shaded wall, being the conmienoemmt (rf'a process 
whidi is to end in the deTd(q>ment of the giant trees of 
the forest, and the beautifully tinted flower of nature^ 
most chosen spot. 

We must now consid^ closely the phenomena con* 
nected with the growth of an individual plant, wbiA 
will illustrate the operation of ^ysical influences 
throughout the vegetable world. The process by which 
the embryo, secured in the seed, is developed, is om 
first inquiry. 

A seed is a highly carbonized body, consisting of 
int^uments and embryo : between these, in most seediy 
lies a substance called the albumen, or perufperm. The 
embryo contains the elements oi the fiiture plant — the 
cotyledons, the plumule, and the radicle; the fi>nner 
developing into stalk and Leaves, the latt^ into roots. 
This embryo hides the living principle, for the devek^ 
ment of which it is necessary that the starch and glut^ 
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jxaioBgo a dbemical' chtuige^ and that an iteration of 
temperatme ii produoed. The vital power is dormaiit — 
it deepe — iaHne aeed untQ the proper conditkms are 
pprw^ff^ it has lieeBL proved, that i3ae powers of ~ 
■Uftetaiping life in tibe seed aie very gieat ; exceasiTe 
cold; anfficiently intense to freeze mercury^ will not kill 
leed, and tibqr reaist a eomparadyely high temperature. 
It IB pvoiiaUe that heat cmly destroys seeds by drying^ 
them too oolBpfetBly:. The temperature at which< 
aoeda genai&ate is exceedingly yaried^ — those belongiikg^ 
to our own dime will germinate when the theamometer* 
riaea abcyre 40^ ¥., but the seeds of tropical jdants 
dfflnand tint a temperature of from 70^ to 84% or even 
to SOP, be steadily applied to them« In some cases it 
haa been linnid that even bcxling the seeds has been 
adnaitageoiis to the ftitnre piocess of germinatiDn in. 
tibe aoil. But let ns take Ihe seed of some ordinary 
plant, and trace its progress. 

An a]^parently dnd grain is plaoed in the soiL If 
tibe temperature is a few degrees above the freezing point, 
andihe soil holds a due quantity of water,1he integument 
of tile seed imbibea moisture and swells ; the tissue is 
softened, and the first eSott of vital force begins. The 
seed has now &e power of decomposing water, the 
OTf gea combines with some of the carbon of the seed, 
and is expdled as carbonic acid« Saussure^s experimenta 
prove this. l%e air above the soil in whidi a horse- 
bean was placed to germinate, gave, before the ex- 
periment, nitrogen 210*^, and oxygen 56*29, and after 
gennination, nitrogen 309*41, oxygen 44*38, and car- 
bonic add 11*27. This part of the process is but little 
removed fncmi the merely chemical changes which we 
have ahready considered. We find the starch of the 
seed dianged into gum and E^gar, which affords nutritive 
food for the developing embryo. The seed now 
lengthens downwards by the radicle, and upwards by 
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the cotyledons^ which^ as they rise above the earA, 
acquire a green colour* Here the first stage of vege* 
table life ends^ the chemically exciting process is at an 
end^ and a new stimulus is required to continue in full 
activity the vital powers* Carbonic acid is no longer 
given off* 

The cotyledons, which are two opposite roundish 
leaves, act as the lungs ; by them carbonic add taken 
from the atmosphere is absorbed and carried by a drca- 
lating process, now in full activity, through the jronng 
plant. The carbonic acid, a compound of carbon and 
oxygen, is decomposed; it is deprived of its carbon, whidi. 
is retained by the plant, and oxygen is exhaled. The 
plant at this period is little more than an arrangement 
of cellular tissue, a very slight development of vaacolar 
and fibrous tissue appearing as a cylmder lying in die 
centre of the sheath. At tins point, however, we b^in 
more distinctly to trace the operations of the new 
power ; the impulses of life are strikingly evident. 

The young root is now lengthening, and absorbing 
from the moisture in the soil, which always contains 
some soluble salts, a portion of its nutriment, which is 
impelled upwards by a force — ^probably capillary attrac- 
tion and endosmose action combined — ^to the point firom 
which the plumule springs. Capillary force raises the 
fluids through the tubes in the stalk, and conveys 
them to the veins in the leaves, while the endosmose 
force diffuses them through the vegetable tissues. The 
plumule first ascends as a Uttle twig, and, at the same time, 
by exerting a more energetic action on the carbonic 
acid than the cotyledons have done, the carbon retained 
by them being only so much as is necessary to form 
chlorophylle, or the green colouring matter of leaves, 
some wood is deposited in the centre of the radicle. 
From this time the process of lignification goes on 
through all the fabric, — the increase, and indeed the 
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SifSSy of the fdoat dependixig upon the development of a 
true leaf fiEom the flumule. 

It nuist not be imagined that the process consists^ in 
the first place^ o£ a mere (»ddation of the carbon in the 
aeedy — a slow combustion by which the spark of life is 
to be kindled ; — ^the hydrogen of the water plays an 
important part, and, combiniog also with the carbon^ 
fonna necessary compounds^ and by a secondary pro- 
-cess gives rise again to water by combination with 
-asygea in the cells of the germinating grain. Nor 
must we regard the second dass of phenomena as mere 
medumical processes for decomposing carbonic add, but 
the result of the combined influences of all ihe physical 
powers and life superadded. 

This dongating little twig, the plumule, at length 
uufidds itsdj^ and the branch is metamorphosed into a 
leaf. The leaf aerates the sap it receives, effects the 
decomposition of the carbonic acid, the water, and in all 
probaUlity the ammonia which it derives from the air, 
tudd.thua returns to the pores, which communicate with 
the pneumatic arrangements of the plant, the necessary 
^ecietioiis for the formation of bark, wood, and the 
various proximate prindples which it contains. 

After the first formation of a leaf, others successively 
appear, all constructed alike, and performing similar 
iimctions. The leaf is the principal organ to the tree ; 
and, indeed, Linnaeus divined, and Goethe demonstrated, 
ike beautifiil fact,, that the tree was developed from this 
^nuionaly-fbrmed organ. 

'' Keeping in view,'* says the poet-philosopher, "the 
ofaKrvatians that have been made, there will be no 
difficulty in discovering the leaf in the seed-vessel, not- 
withgtanding the variable structure of that part and its 
peculiar combinations. Thus the pod is a leaf which is 
folded up and grown together at its edges, and the capsules 
consist of several leaves grown together^ and the com- 

B B ' 
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fK>und fimit is composed of several leaves united round 
a common centre^ their sides being opened so as to 
form a communication between tbem^. and their edges 
adhering together. This is obvious from cajisules which, 
when ripe, split asunder, at which time each portion is 
a separate pod. It is sdso shown by different species 
of one genus, in which modifications exist of the prin- 
ciple on which their fruit is formed ; for instance, the 
capsule of nigilla orientalis consists of pods assembled 
round a centre, and partially united; in nigilla damos- 
cena their union is complete."* 

Professor Idndley thus explaina the same view: — 
*^ Every flower, with its pedimcle and bracteolse, being 
the development of a flower-bud, and flower-buds being 
altogether analogous to leaf-buds, it follows as a corol- 
lary that every flower, with its peduncle and bracteolse, 
is a metamorphosed branch. 

" And, further, the flowers being abortive branches, 
whatever the laws are of the arrangement of branches 
with respect to each other, the same will be the laws of 
the flowers with respect to each other. 

" In consequence of a flower and its peduncle being 
a branch in a particular state, the rudimentary or meta- 
morphosed leaves which constitute bracteae, floral en- 
velopes, and sexes, ai'e subject to exactly the same laws 
of arrangement as regularly-formed leaves.'^f 

The idea that the leaf is the principal organ of the 
plant, and that from it aU the other organs are probably 
developed, is worthy the genius of the great Grerman 
poet. 

Every leaf, a mystery in itself, is an individual gifted 
with peculiar powers ; they congregate in families, and 
each one ministers to the formation of the brauch on 



* Die Metamorphose der Pfianzen : Goethe, sect. 78. 
f \AW^^e'^'s Elements of Botany, 
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Irhicli it bangs^ and to the main trunk of the tree of 
which it is a member. The tree represents a world, 
every part exhibiting a mutual dependence. 

•*Tbe one red leaf, the last of its clan, 
That dauces as often as dance it can ; 
Hanging so light and hanging so high. 
On ti^e topmost twig that looks up at the sky," 

is influenced by, and influences, the lowest root which 
pierces the humid soil. Like whispering voices, the 
trembling leaves sing rejoicingly in the breeze and 
summer sunshine, and they tremble alike with agony 
when the equinoctial gale rends them from the parent 
stalk. The influences which pervade the whole, making 
up the sum of vital force, are disturbed by every move- 
ment throughout the system ; a woimd on a leaf is 
known to cUsturb the whole, and an injury inflicted on 
the trunk interferes with the processes which are the 
functions of every individual leaf.* 

The consideration of the physical circumstances 
necessary to germination and vegetable growth, brings 
ua acquainted with many remarkable facts. At a tem- 
perature below the freezing point, seeds will not germi- 
nate ; at the boiling point of water, a chemical change 
is produced in the grain, and its power of germinating 
is destroyed. Heat, therefore, is necessary to the de- 
velopment of the embryo, but its power must only be 
exerted within certain prescribed limits : these limits 
are only constant for the same class of seeds, they vary 
with almost every plant. This is apparent to every one, 
in the different periods required for germination by the 
seeds of dissimilar vegetables. 

The seed is placed in the soil; shade is always — 

* See the very curious experiments of C. Matteucci. Traduit 
et extrait du " Ctmenfo."— Archives des Sciences Physiques et 
Katurelles ; Quelques ExpSriences sur la Respiration des Plantes, 
Nov. 1846. 
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abaolufce darkness sometimes-— necessary £>r the success 
o£ the germinating process. We have seen that tile 
first operation of nature is purely a ehemical one, bat 
this manifestation of aflSnity is due to an exertion of 
force^ which is directly dependent upon sc^ar power. The 
seed is buried in the s<m1, when the genial showers of 
spring, and the increasing temperature of the earth, 
furnish the required conditions for this chemistry of 
life, and the plant eventually springs into sunsyne. 
Thus we obtaio. evidence that even througk some deptii 
ef soil the solar power, whatever it may be^ is effieiei^, 
and that under it& exdtemeixt the first spring of life, 
in the g^rm^ ia effected. 

The co^]ed(Hi» and the plumule being; fiamed^ the 
pUmt undergoes a remarkable change. The seeA^ like 
an animal, absorbed oxygen and exuded carbonic add; 
the first leaves secrete carbon firom carbonic acid in- 
spired, and send forth,, as useless to the plant, an exce» 
of oxygen gas. 

Tins power of decomposing earbonic acid is a vital 
fimction which belongs to the leaves and back. It 
has been stated, on the auth(»iiy of Liebig, that during 
the night the plant acts- only a» a mere bundle of fibres^ 
— ^that it allows of the circulation of carbonic acid aad 
its evaporation, imchanged. In hi» eagerness to support 
his chemical hypothesis of respiration,, the able chemist 
neglected to inquire if thi» was absolutely correct. The 
healthy plant never ceases to decompose carbonic add 
during one moment of its existence j but during the 
night, when the exdtement of light is removed, anul the 
plant reposes, its vital powers are at their minimnni of 
action, and a much less quaaiidty is decomposed than 
when a stimulating sun, by the aeticm of its raycr^ is 
compeUing the exertion of every vital fimction. 

Ihiring this process, we have another example of 
natural organic chemistry. The fi)ur inorganic ekmenta 
of which the vegetable kingdom is composed — asygea. 
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kydrogeaoL, 9ibx>geay and carbon — are absorbed as 'mr or 
moistare hy iSie leaves and tbrough lihe roots^ and tiie 
greafc pheBom«K)n of vegetable life ib the conyen^on of 
&ese to an orgmc eondiiacm. Sugar and gam are 
oonsta&tiy p*oCbBeed^ tmA &om tbese^ by combination 
iritb atmo^[^!ieric nitaH9gen, a proteine compound 16 
formed^ -Wkaih is an essential dement in tJie progress of 
deYBlopment.* 

Tints growing in tbe figM aare beauiSfTilly green^ liie 
intensity of colouring increarang iritli tbe brilliancy of 
the ligkt. Those wmdh are grotm in the dark are etio- 
lated^ their tissues are ireak and ^uccuient^ their leaves 
of a "pale ycHow. It is, therefore, evident Ihat the for- 
mation of this chlorophylle — as the green colouring 
matter of leaves is cdled — result from some action 
determimed by the sun^s rayfi. 

Chlorophylle is a carbonaceous compound formed in 
the leaves, -Bernng, it would appear, many purposes in 
fte process of assisQulation. In 'fite dark the plant BtiH 
requires carbon for its further development, and growing 
smrly, it removes it from the leaves, decomposing the 
cUorophyUe, and supports its weak existence by preying 
on puts of its own fitructure, until at length, this being 
exhausted, it actually perishes of starvation. 

Phxrts iaiways turn towards tiie light : the guidii^ power 
we kwiw not, but the evidence of some impulsive or at- 
tracting fovce is strong ; and the purpose for which they 
are constituted to obey it, is proved to be the dependence 
-of regetable existence upon luminous power. 

Idght k not, however, alone suffici^it to perfect the 
phttt: another agent is requiied to aid in the production 
of flowers and feiits, and this power is proved to be 
heal — and heat, peAaps, iu some peculiar condition. 
Having reached that point of development when the 

* Consult fitfraZEeonomy.b^ J. B.Bonssingault; The Ciemical 
«uf Phfstological Balance of Organic Nature^ 'bjf Dumas and 
Boussingatdt; and J^ricvitural Chemistry, by Liebig. 
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reproductive functions axe, by another cliange in the 
chemical operations going on within the vegetable 
structure, to be called forth, it has been found that the 
heat rays become in a remarkable manner effective. It 
has also been observed that plants bend from the red, 
or calorific rays, instead of toward^ them, as they are 
found to do to every other ray of the spectrum. From 
this we may argue that the influence of these rays is to 
check the vegetation, and thus to ensure the perfection 
of the reproductive processes. , 

It has already been stated that we have the means of 
separating, to a considerable extent, the three principles 
which we discover in the sunbeam, from each other, by 
the use of absorbent media. 

By a pepuhar yellow glass we cut off the chemical 
principle of the sunbeam, and admit the passage of the 
fumifums rays only — Light. 

By a cobalt blue glass we obstruct the light, but 
^ow the chemical agent to pass through freely, without, 
indeed, any loss— Actinism. 

By a glass coloured deep blood-red by oxide of gold 
we obstruct the chemical principle and much of the 
light, but such a medium is perfectly transparent to 
Heat. 

Therefore, this gives us the means of experimenting 
with either of these principles, and of examining the 
parts which they respectively play in the work of 
organization. 

Some seeds being placed in the soil, in every respect 
in their natural conditions, duly supphed with moisture, 
and a uniform and proper temperature maintained, we 
place above the soil the three media above named, and 
. allow one portion to be exposed to all the ordinary 
influences of the solar rays. 

The result will be, that the seeds under the blue glass 
will germinate long before those which are exposed to 
the combined in^uences of the sunshine : a few of the 
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iseeds will struggle into day under the red glass, but the 
process of germination is entirely checked under the 
yellow glass. Here we see that the chemical radiations 
have quickened the chemical changes, and accelerated 
the process, under the red glass, through which rays 
having some peculiar chemical action pass ; the germi- 
nating process, though checked, is not entirely stopped. 
Whereas, it would appear that under the influences of 
light winch has been deprived of chemical power, this 
conversion of the starch into gum and sugar, which 
appears to be necessary, is entirely prevented. 

If the experiment is continued, it will be found that 
mider the blue glass the plants grow rapidly, but weakly ; 
and that instead of producing leaves and wood they 
confflst chiefly of stalk, upon which will be seen here 
and there some abortive attempts to form leaves. 
When the process of germination has terminated, if the 
yoimg plant is brought under the yellow glass, it grows 
mo6t healthfully, and forms an abimdance of wood, the 
leaves having an unusually dark green colour, from the 
formation of a large quantity of chlorophyUe. Plants 
do not, however, produce flowers with readiness under 
this medium; but if, at the proper period, they are 
brought under the red glass, the flowering and fruiting 
{iroceases are most effectively completed.* 

^ The practical value of the discovery now described, will bo 
best understood from the following letter from Mr. Lawson, of 
Edmburgh :— 

Edinburgh, J, George the Fourth'a Bridge, 
Sept. 8, 1853. 

My dear Sir, — I am favoured with yours of the 5th, relative 
to my practical experience in the effect of the chemical agency of 
coloured media on the germination of seeds and the growth of 
plants. 

I must first explain that it is our practice to test the germi- 
nating powers of all seeds which come into our warehouses before 
we sena them out for sale ; and, of course, it is an object to dis- 
•cover, with as little delay as possible, the extent that the vital 
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These experiments, simple as they are, prove to us 
the imp(»rtance of light : the luminous prmciple of tibe 
sunbeam is exciting the vital powers cf the plant to 
decompose carbonic acid and form wood; and Ihe 
calcmfic i^nt, possibly mider those modifications whicb 
have already been noticed as belonging to the para- 
thermic rays^ is ess^ttial to the production of flower and 
firuit. 

Observations, which have been extended over many 
years, prove that with tiie seasons these solar powers are,. 

principle is active, as the value comes to he depreciated in tiie 
ratio it is found to be dormant. For instance, if we sow 100 
seeds of any sort, and the wholej germinate, t^e seed will he tbfr 
highest current value ; hut if oiUy 90 germinate, its yalue is 1(^ 
per cent, less ; if 80, then its value &lls 20 per cent. 

I merely give this detail to show the practical value «f tt 
test, and the influence it exerts on the fluctuatLoa of prioea. 

Our usual plan formerly was to sow the seeds to he tested in a 
hot-hed or frame, and then watch the progress and note Uieiesiilts. 
It was usually from eight to fourteen days before we were in a 
condition to decide on the commercial vfdue of the seed mdor 
trial. 

My attention was, howeyer, directed to your excellent wodr 
" On the Physical Phenomena of Nature," about five years ag(V 
and I resolved to put your theory to a practical test I accordingiT 
had a case made, the sides of which were formed of glass cokymedr 
blue or indigo, which case I attached to a small gas sftofe lor 
engendering heat ; in the case shelves were fixed in the inside, ob 
which were placed small pots wherein the seeds to be tested wefo- 
sown. 

The results were all that could be looked for : the seeds freeiy 
germinated in from two to five days only, instead of from eight to 
fomteen days as before. 

I have not carried our experiments beyond the germination of 
seeds, so that I cannot afimd practical information as to the e^ 
of other rays on the after culture of plants. 

I have, however, made some tiials with the yellow ray in pw- 
ventiug the germination of seeds, which have been succesoul; 
and I have always found the violet ray prejudicial to the grovtb 
of the plant after gei-mination.— I remain, my dear Sir, 
Very faithfully yours, 

Charles Lawson. 
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x^tiydyto each otlier^ subject to an interesting change. 
In the ^qpring; the actinic or ehemical -power prevails, 
and during this period its agency is required for the 
Titalization of the germ. As the summer comes on^ 
the actinie rqrs diminish^ and those of light increase. 
Perhaps it would be more strictly correct to say that 
the himinofos intesasity being increased^ the chemical 
poirar was retaarded ; the former expression implies a 
inoiatian in quantity^ which may not be correct. We 
see the necessity for this^ since luminous power is re* 
quired for the secretion cf the carbon^ with which the 
woody fibsre k formed, and also for the elaboration of 
the proximate principles of the plant. Autumn^ the 
season of fruity is characterized by an increase of the 
heat rays^ and a diminution of the others : this change 
heix^ neoesBary^ as science now teaches us^ for the due 
ptsoductitm of flower and fruit. 

^Fhe calorific rays of the solar beam^ to which the 
sntunnal phenomena of y^etation appear particularly 
to belong, aje of a peculiar character. They hme been 
caUed the Parathermic rays, and exhibit a curioua 
' eompoimd nature. To these rays we may refer the 
ripening of fruit and grain^ and the browning of the leaf 
befiore its &1L May not the rise of the sap in sfpring^ 
be traced to Ihe excdtement of either light or actinism,. 
mjod its recession^ in the autumn^ to that power from 
wkidh the plant is found to bend^ and which appears to 
be their modified form of heat ? 

- Utere can be no doubt ihat the Tarieties of climate 
aad the peeafiarities of countries^ as it regards their 
amxial and vegetable productions^ are dependent on the 
fsame causes. The distribution of species has been 
sdEaraed by some to specific centres of creation around 
wUdi the plants and aniTnals have spread^ without 
leievenoe to physical conditions. Although centres of 
CKeation may be admitted, thei^ centres themselves 
hasve been detenmned by the physical fitness of each 
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centre to the conditions of the creation, and in like man- 
ner the migration of tribes is solely due to these 
physical forces we have been considering. In every 
zone we find that vegetable organization is peculiarly 
fitted for the considerations by which it is surrounded. 
Under the equator we have the spice-bearing trees, the 
nutmeg, the clove, the cinnamon, and the pepper-ta*^ ; 
there we have also the odoriferous sandal, the ebony, 
the banyan, and the teak : we have frankincense, and 
myrrh, and other incense-bearing plants; the coflFee* 
tree, the tea-plant, and the tamarind, 

A little further north we have the apricot, the citron, 
the peach, and the walnut. In Spain, Sicily, and Italy, 
we have the orange and lemon-tree blooming rich with 
perfume, and the pomegranate and the myrtile growing 
wild upon the rocks. Beyond the Alps the vegetation 
again changes ; instead of the cypress, the chesnut, and 
the cork-tree, which prevail to the south of them, we 
have the harcier oak, the beech, and the dm. Still further 
north, we have the Scotch and spruce fir and larch. 
On the northern shores of the Baltic, and in that line of 
latitude, the hazel alone appears ; and beyond this the 
hoary alder, the sycamore, and the mountain ash. 
Within the Arctic circle we find the mezereum, the 
water-lilies, and the globe-flowers; and, when the 
weakness of the solar radiations becomes too great even* 
for these, the reindeer moss still lends an aspect of 
gladness to the otherwise sterile soil. 

The cultivation of vegetables depends on the tem- 
{)eratare of the clime. The vine flourishes where the 
mean annual temperature ranges between 50° and 73°, 
and it is only cultivated profitably within 30° S. and 50° 
N. of the equator. To the same limits is confined 
the cultivation of maize and of olives. Cotton is grown 
profitably up to latitude 46° in the Old World, but only 
nxp to 40° in the New. We have evidence derived from 
photographic phenomena, that the constitution of the 
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solar rays varies with the latitude. The effects of the 
sun^s rays in France and England in producing chemical 
change are infinitely more decided than, with far greater 
splendour of light, they are foimd to be in the lands 
mider or near the equator. Indeed, the remarks made 
on the variations in the character of the sunbeam with 
the changing seasons, may apply equally to the variations 
in latitude. 

Fungals are among the lowest forms of vegetation, but 
in these we have peculiarities which appear to link them 
with the animal kingdom. Marcet foimd that mush- 
rooms absorbed oxygen, and disengaged carbonic acid. 
In all probability tins is only a chemical phenomenon 
of a precisely similar character to that which we know 
takes place with decaying wood. In the conversion of 
wood into humus y oxygen is absorbed, and combining with 
thjB carbon, it is evolved as carbonic acid. Of course we 
have th^ peculiar condition of vitality to modify the 
effect, and we have, too, in this class of plants, the ex- 
istence of a larger quantity of nitrogen than is found in 
any other vegetating substance. 

These few sketches of remarkable phenomena con- 
nected with vegetation are intended to show merely the 
operations of the physical powers of the universe, so £eur 
as we know them, upon these particular forms of 
organization. During the process of germination^ 
elmtridty is, according to Pouillet, evolved; and again, 
in ripening fruits, there appears to be some evidence of 
electrical currents. Vegetables are, however, in the 
growing state, such good conductors of electricity, that 
it is not, according to the laws of this force, possible 
that they should accumulate it; so that the luminous 
phenomena stated to have been observed cannot be due 
to this agency. We know, however, that under every 
condition of change, whether induced by chemical or 
calorific action, electricity is set in motion; and we 
have reasons for beHeving that the excitation of light 
will also give rise to electrical circulation. 
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The question^ whether plants possess sensation, 
^edi^ Aeij hare any duspcMsitioH <if parts at aU 
analogous to the neirous sTStem of anhniilB, kas been 
often pnt forward, but as yet the answers have been 
nnsatis&ctory. The point is one well YMyrOsj all Ae 
attention of the vi^etable pfajsidic^ist ; bnt icgudng 
plants as t^e link between the aniioal and tihe suDend 
kingdom, — ^looking upon phyto-chemistry, as cxlAited 
by them^ as the means empb^^ to {Hroduoe those more 
ccmiplex organizatioiis whkh esM^ in a^Tiiw^^^ — we 
necessarily consider j^ants as mexie natural amchsies 
for effecting organic arrangeott^its, and, «s soob, tiiitt 
they cannot possess any nervous i^nsibikty . Miweidar 
contraction may beTepres^otedmntanyof tli^inanreL> 
Ions arrangent^its ; and any disturbance prodaoedlqr 
natural or artifidal means would consefocBtly effiset a 
diange in the operations of those forees wluch cMibne 
to produce vegetable life. Indeed, tihe expenoBeOtB sf 
Cburlo MaUeucd, already referred to, provae that «i 
incision across a leaf, the fracture of a iHrandi, or <iie 
mere bruising of any part of the plant, interSra^ witi 
the exercise of that power which, xmder the operation of 
luminous agency, decomposes carbonic acid, and ^fects 
the assimilation of the other diem^its. 

To recapitulate. A plant is an organiised creation ; it i& 
so in virtue of certain strange phyto-chemical operatioBi^ 
which are rendered active by the solar infloenees 
involved in the great phenomena of light, and by the 
excitation of caloric fcwrce and ekctrical diculation. It 
is a striking exemplification of the united action €t 
certain empyreal powers, whidi give rise to the eoia- 
bination of inorganic principles under sach forms Hot 
they become capable of obeying the mysterious impaba 
of life. 

The poet has imaged the agency of external powenia 
various shapes of spiritualized beauty. fVom the god- 
dess Flora, and her attendant nymphs, to the romantic 
enchantress who called up flowers by the light toudi of 
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ll^ wand^ we haye^ia all tliese afeations^ foreriiadowings 
atiihe diflecwerj of those powers irMch sci^iee has shown 
lure essential to vegetabk life, A power from witfaoat 
infioQiceft the plaat ; but the animal is depend^it upon 
«.lu^3uer mgesDjey whuek is potent within hmi. 

I^Le poet'fr dream pleases the imagiaative mind ; and, 
assoeialdBg in our ideas all that is ^racefiil and k>veable 
ia the finaiale Ibrm^ with that diviner feeling which 
impresses the soul with the sense of some unseea 
spirituality^ we perceive in the goddess^ the endmntress^ 
or the sylph, pui-e idealizations of the physical powers. 
The spirit floating over these forms of beauty, and 
adorning them with all the richness of colour — painting 
the rose, and giving perfume to the violet — ^is, in the 
poef s mind, one which ascends to nearly the highest 
point of etherealization, and which becomes, indeed, to 
him a spirit of light ; they ride upon the zephyrs, and 
they float, in all the luxury of an empyreal enjoyment, 
down to the earth upon a sunbeam. Such is the work 
■of the imagination. What is the result of the •search of 
ploddiilg science after truth ? The sunbeam has been 
torn into rays, and every ray tasked to tell of its 
ministry. 

Nature has answered to some of the interrogations ; 
and, passing over all the earth, echoed from plant to 
plant, we have one universal cry proclaiming that every 
function of vegetable life is due to the spirits of the 

:8Un. 

The mighty Adansonia of Senegal, hoary with the 
mosses of five thousand years, — ^the Pohon upas in their 
deadly valleys, — ^the climbing lianas of the Guiana 
forests, — ^the contorted serpent-cactus on the burning 
hills, — the oaks, which spread their branches in our 
tempered climes,— the glorious flowers of the inter- 
tropical regions, and those which gem our virent plains, — 
the reindeer lichen of northern lands, and the confervse 
of the silent pool, — ^the greatest and humblest creation? 
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of the vegetable world, — all proclaim their direct 
dependence upon the mysterious forces which are bound 
together in the silver thread of Light. 

These undulations, pulsations too refined for mortal 
ears, which quicken and guide these wonderfiil organ- 
isms, may be indeed regarded as sphered music for ever 
repeating the Divine command, " Let there be Light" 
by the creation of which, a dark and dreary chaos was 
moulded into a star of beauty, capable of radiating bright- 
ness to other space- wandering worlds. 
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CHAPTER XV. 

PHENOMENA OE ANIMAL LIFE. 

Distinction between the Kingdoms of Nature— Progress of Ani- 
mal life — Sponges — Polypes — Infusoria — Animalcula — 
Phosphorescent Animals — Annelidans — Mjriapoda — Ani- 
mal Metamorphoses — Fishes — Birds — M ammalia — Ner- 
vous System — Animal Electricity — Chemical Influences — 
Influence of Light on Animal Life— Animal Heat — Mecha- 
nical Action— Nervous Excitement — Man and the Animal 
Races, &c. 

''A STONE grows; plants grow and live; animals grow, 
live, and feel.^^ Snch were the distinctions made by 
Liimseas, between the conditions of the three kingdoms 
of nature. We cannot, however, but regard them as 
in all respects illogical. The stone — a solid mass of 
nnoi^anized particles — enlarges, if placed in suitable 
conditions, by the accretion of other similar particles 
around it ; but it does not, according to any meaning 
in which we use the word, grow. Plants and animals 
grow; and they differ, probably, only in the phenomena 
of sensation. Yet, the trembling mimosa, and several 
ether plants, appear to possess as much feeling as 
sponges and some of the lower classes of animals. By 
1^8 definition, however, of the celebrated Swedish 
naturaUst, we have a popular and simple expression of a 
great fact. 

As we have only to examine the question of the 
agency of the physical forces upon animal life, we must 
necessarily confine our attention to the more striking 
phenomena with which science has made us acquainted : 
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.and, having briefly traced the apparent order in which 
the advance of organization proceeded, we must direct 
our few concluding remarks to the physico-physiological 
influences, which we must confess to know but too 
imperfectly. 

We learn that, during the states of progress which 
geology, looking into the arcana of time, has made us 
acquainted with, a great variety of animal forms were 
brought into existence. They^Uved their periods. The 

► conditions of the surface of the earth, the sea, or the 

.atmosphere, were altered; and, no longer fitted for the 
enjoyments of the new life,^ these races passed away,, and 
others occupied their places, which, in turn, went 
through all the stages of growth, maturity, and decay ; 
until at length, the earth being constituted for the 
abode of the highest order of animals, they ware called 
into existence ; and man, the intellectual monarch of 
the world, was placed supreme amongst them alL Types 
of nearly all those forms of life whidi are found in the 
fossil state are now in existence ; and if we examine the 
geographical distribution of animals — ^the zones of 
elevation over the surface of the earth, and the zones of 
depth in the ocean, — ^we shall find, now existing, animal 

^ creations strikingly analogous to the primitive forms 
and conditions of the earth^s inhabitants. From the 
depths of the ocean we may even now study — as that 
most indefatigable naturalist. Professor Edward Forbes, 
has done — the varying states of organization under the 
circumstances of imperfect light and varyiiig tem- 
perature.* 

The gradual advance of animal life in the aaoending 
strata, has led to many speculations, ingenioiu and 

* Reports of the Fanma of the uEgean : by Professor Forbes.— 
Eeports of the British Association. On the Phyeicat C<mdUums 
affecting the Distribution of Life in the Sea and the Atmoepkere^ SfC. : 

by Dr. Williams. I^ansea. 
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refined, on the progressive development of animals. 
That the changes of the inorganic world have impressed 
new conditions on the organic structures of animals, to 
meet the necessities of their being, must be admitted. 
Comparatiye anatomy has demonstrated that such sup- 
posed differences really existed between the creatures of 
secondary formations — those of the tertiary and the 
present periods. It has been imagined, but upon de- 
batable foundations, that the atmosphere, during the 
secondary periods, was highly charged with carbonic 
add ; and, ccmsequently, that though beneficial to the 
growth of plants, and peculiarly fitted for the conditions 
required by those which the fossil flora makes us ac- 
quainted with, it was not adapted to support any animals 
above the slow-breathing, cold-blooded fishes and reptiles. 
Under tte action of the super-luxuriant vegetation of 
these periods, this carbonic acid is supposed to have been 
removed, an addition of oxygen furnished ; and thus, 
consequently, the earth gradually fitted for the abode of 
irarm-Uooded and quick-breathmg creatures. We do, 
indeed, find a very marked Hne between the fossil 
remains of the lias formations which enclose the 
saurians, and the wealden, in which birds make their 
appearance more numerously than in any previous for- 
maticm. 

Founded upon these facts, speculations have been put 
forth on the gradual development of animals from the 
lowest up to the highest orders. Between the polype 
and man a continuous series has been imagined, every 
link of the chain being traced into connection with the 
one immediately succeeding it; and, through all the 
divisions, zoophytes, fishes, amphibia, reptiles, birds, and 
mionmalia are seen, according to this hypothesis, to be 
derived by gradual advancement fix)m the pnsceding 
orders. The first having given rise to amphibia, — the 
amphibion gives birth to the reptile, — the reptile ad- 
yances to the bird, — and from this class is developed the 

c c 
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mammal. A slight investigation will convince us that 
this view has no foundation. Although a certain re- 
lationship may be found between some of the members 
of one class^ and those of the other inmiediately joining 
it, yet this is equally discovered to exist towards 
classes more remote from each other ; and in no one 
instance can we detect anyti:ang like the passage of an 
animal of one class into an animal of another. Until 
this is done, we cannot but regard the forms of animal 
life as distinct creations, each one fitted for its state of 
being, springing from the command of the great First 
Cause.* 

But it is time to quit these speculative questions, and 
proceed to the examination of the general conditions of 
animal life at the present time. 

Lowest in the scale of animals, and scarcely distin- 
guishable from a vegetable, we find the sponge, attached 
to and passing its life upon a rock, exhibiting, indeed, 
less signs of feeling than many of the vegetable tribes. 
The chemical differences between vegetables and sponges 
are, however, very decided ; and we find in the tissues 
of the sponge a large quantity of nitrogen, a true animal 
element, which exists, but in smaller quantities, in 
vegetables. 

These creations, standing between vegetable and 
animal life, possess the singular power of decomposing 
carbonic acid, as plants do ; and the water in which they 
live always contains an excess of free oxygen. 

The polypes are a remarkably curious class. ^^ Fixed 
in large arborescent masses to the rocks of tropical seas, 
or in our own climate attached to shells or other sub- 
marine substances, they throw out their ramifications in 
a thousand beautiful and plant-like forms ; or, incrusting 
the rocks at the bottom of the ocean with calcareous 
earth, separated from the water which bathes them, they 

* The Vestiges of the Natural History of Creation. 
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silently build np reefs and shoals, justly dreaded by the 
navigator; and sometimes giving origin, as they rise 
to the surface of the sea, to islands, wfich the lapse of 
ages clothes with luxuriant verdure, and peoples with 
appropriate inhabitants/^* 

Most of the polypes are fixed and stationary ; but the 
hydra and some others have the power of changing their 
positions, which they do in search of the light of the 
sun. They do not appear to have organs of sight re- 
quiring Hght j but still they delight in the solar influences. 
The most extraordinary fact connected with the hydra 
is its being multiplied by division. If an incision be 
made in the side of a hydra, a young polype soon de- 
velopes itself; and if one of these creatures be divided, 
it quickly restores the lost portion of its structure. The 
varieties of the polypes are exceedingly numerous, and 
many of them are in the highest degree curious, and 
often very beautiful. The actiniae, Uke flowers, appear 
to grow from the rocks, unfolding their tentacula to the 
light; and, in the excitement due to their eagerness for 
prey, they exhibit a beautiful play of colours and most 
interesting forms. Microscopic zoophytes of the most 
curious shapes are found, — all of which attest, under 
examination, the perfection of all created things. 

Infusoria and animalcula,— animals, many of them, 
appearing under the microscope as little more than a 
transparent jelly, — must be recognized as the most 
simple of the forms of life. They exist in all waters 
in uncountable myriads ; and, minute creatures as 
they are, it has been demonstrated that many of the 
great limestone hills are composed entirely of their 
remains. 

The acalephse, or the phosphorescent animals of the 
ocean, are no less curious. From creatures of the most 

♦ General Outline of the Animal Kingdom : by Professor Thomas 
Rymer Jones, F.Z.S. 
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minute size, tkey extend to a considerable magnitude^ 
yet they appear to be little more than animated masses 
of sea-water. If any one of these sea-jellies, or jelly- 
fishes as they are often called (even the largest varieties 
of them), is cast upon the shore, it is soon, by the in- 
fluence of the sun, converted into a mere fibre no thicker 
than a cobweb : an animal weighing seven or eight 
poimds is very soon reduced to as many grains. There 
are numerous kinds of these singular creatures, most of 
which are remarkable for the powerful phosphorescent 
light they emit. The heroes and the pvlmonigrade shine 
with an intense white light many feet bdow the surftce, 
whilst the Cesium Veneris, or girdle <rf Venus, gliding 
rapidly along, presents, on the edge of the wave, an un- 
didating riband of flame of considerable length. liiere 
can be no doubt that this arises from the emismon of 
phosphorescent matter of an imknown kind from the 
bodies of these animals. 

The microscope has made us faimiliar with the mys- 
teries of a minute creation which we should not other- 
wise have comprehended. These creatures are founi 
inhabiting the waters and the land, and they exist in 
the intestinal structure of plants and animals, preying 
upon the nutritive juices which pass through their 
systems. Although these beings are so exceedingly 
small that even the most practised observer cannot 
detect them with the naked eye, they are proved, by 
careful examination under the microscope, to be in many 
cases elaborately organized. Ehrenberg has discovered 
in them filamentary nerves and nenous masses, and 
even vessels appropriated to the circulation of fluids, 
showing that they belong really to a high condition of 
existence. 

Passing over many links in that curious chain which 
appears to bind the animal kingdom into a complete 
whole, we come to the articulata of Cuvier — the homo- 
gaiigliata of Owen. . 
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All those creatures which we have been hitherto con- 
•sidering are too imperfect in the construction of their 
simple orgaaizations to maintain a terrestrial existence ; 
they are^ therefore^ confined to a watery medium. In 
the articulataCy we have evidences of higher attributes, 
and indications of instincts developed in proportion to 
the increased perfection of organization. Commencing 
with the annelidans, all of which, except the earth- 
worms, are inhabitants of the waters, we proceed to the 
myriapoda, presenting a system intermediate in every 
respect between that of worms and insects ; we then 
find embraced in the same order, the class insecta, 
which includes flies and beetles of all kinds; and, 
as the fourth division of articulated beings, the arach- 
nidans or spiders ; and, lastly, the marine tribe of crus- 
taceans. 

The most remarkable phenomena connected with 
these animals are the metamorphoses which they 
undergo. The female butterfly, for instance, lays eggs, 
which, when hatched, produce caterpillars : these live 
in this state for some time, feeding upon v^^tables, 
and, after casting their skins as they increase in size, 
at last assume an entirely different state, and, dormant 
in thdjT oblong case, they appear like dead matter. 
This chrysalis, or pupa, is generally preserved from 
injury by being embedded in the earth, from which, 
after a season, a beautifully perfect insect escapes, and, 
floating on the breeze of summer, enjoys its sunshine, 
and revels amidst its flowers. 

No less remarkable is the metamorphosis of the ca- 
-dncibranchiate amphibia, passing through the true fish 
^xmdition of the tadpole to the perfect air-breathing 
and four-footed animal, the frog. 

A metamorphosis of the crustaceans, somewhat similar 
to that which takes place in .insects, has been of late 
years creating much discussion amongst naturalists : 
but the question appears to be now settled by the 
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careful and long-continued observations of Mr. Thompson 
and Mr. R. C. Couch. 

A wide line of demarcation marks the separation of 
the invertebrata from the four great classes of vertebrate 
animals — fishes, reptiles, birds, and mamtnalia. Every 
part of the globe, — ^the ocean and the inland lake, — ^the 
wide and far- winding river,- and the babbling stream, — 
the mountain and the valley, — ^the forest with its depth 
of shade, and the desert vrith its intensity of light, — 
the cold regions of the frost-chained north, and the 
fervid chme within the tropics — ^presents for our study 
innumerable animals, each fitted for the conditions to 
which it is destined 5 and through the whole we find a 
gradual elevation in the scale of intelUgence, imtil at 
last, separated from all by peculiar powers, we arrive at 
man himself. 

In each of these four classes the animals are fur- 
nished vrith a bony skeleton, which is in the young 
animal little more than cartilage; but, as growth in- 
creases, lime becomes deposited, and a sufiicient degree 
of hardness is thus produced to support the adult for- 
mation. Some anatomists have endeavoured to show 
that even in the mechanical structure of the bony fabrics 
of animals, we are enabled to trace a gradual increase 
in the perfection of arrangement, from the fish until the 
most perfect is found in man. Many of the mammalia, 
however, are furnished with skeletons which really 
surpass that of man. These belong to animals which 
depend for subsistence upon their muscular powers, and 
with whom man is, in this particular, on no equality. 
What is the lord of the creation, compared with the 
antelope for fleetness, or with the elephant and many 
other animals for strength ? 

As we ascend the scale of animal life we find a more 
perfectly developed nervous system; and the relative 
size of the brain, compared with that of the brute, is 
found progressively to increase, imtil it arrives at the 
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utmost perfection in man. On the system of nerves 
depends sensation^ and there can be no doubt that the 
more exalted the order of intelligence displayed, the 
more exquisitely delicate is the nervous system. Thus, 
in this world, refined genius* must necessarily be at- 
tended with » condition of sensibility which, too fre- 
quently, to the possessor is a state of real disc^ise. 

It must be evident to every reader that but very few 
of the striking features of animal life have been men- 
tioned in the rapid survey which has been taken of the 
progress of animal organization. The subject is so 
extensive that it would be quite impossible to embrace 
it within any reasonable limits; and it furnishes 
matter so curious and so instructive, that, having once 
entered on it, it would have been difficult to have made 
any selection, and we must have devoted a volume to 
the aesthetics of natural science. Passing it by, there- 
fore, with the mere outline which has been given, we 
must proceed to consider some of the conations of 
vitality. 

Bell has proved that one set of nerves is employed in 
conveying sensation to the brain, and another set in 
transferring the desires of the will to the muscles. By 
the separation of a mam branch of one of the nerves 
of sensation, idthough all the operations of life will still 
proceed, the organ to whiph that nerve goes is dead to 
its particular sense. In like manner, if one of the 
norves of volition is divided, the member will not obey 
the inclination of the brain. It is evident, therefore, 
although many of the great phenomena of vital force 
aie dependent on the nervous system, and the paralysis 
of a member ensues upon the separation or the disease 
of a nerve, that the nerves are but the channels through 
which certain influences are carried. The vis vita or 
vital principle — for we are compelled by the imperfection 
of our knowledge to associate imder this one term the 
ultimate causes of many of the phenomena of life — is a 
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powar which, although constantly employed, has the 
capability of continually renewing itself by some inex- 
plicable connection existing between it and many 
external influences. We know that certain conditions 
are necessary to the health of animals. Diseased diges- 
tion, or any interruption in the circulation of the bloody 
destroys the vital force, and death ensues. The pro- 
cesses of digestion and of the circulaticm are perfectly 
understood, yet we are no nearer the great secret of the 
living principle. 

Animals are dependent on several external agents for 
the support of existence. Tte oxygen of the air is 
necessary jfor respiration. Animal heat, as wiU be 
shown presently, is in a great measure dependent upon 
it. The external heat is so r^ulated that animal 
existence is comfortably supported. Electricity is 
without doubt an essential elemeait in the living pro- 
cesses; and, indeed, many physiologists have been 
inclined to refer vital force to the development of deo- 
trjicity by chemical action in the brain. This view has, 
however, no foundation in experiment beyond that 
afforded by the appearance of electric currents, when 
the brain is excited. This proves no more than that 
the operations of mind develope physical power in the 
matter with which it is mysteriously connected. 

The phenomena of the Torpedo and Gymnotus we 
have already noticed,* and there are other creatures 
which certainly possess the power of secreting and dis- 
charging electricity. Galvani^s experiments, and those 
of Aldini, appear to show — and the more delicate 
researches of Matteucci have satisfactorily determined 

'fi Id addition to the memoii*s already refeiTed to, Note p. 211, 
see Carlisle, On the battery of the Torpedo, governed by a voluntary 
muscle. — Phil. Trans., vol. xcv. p. II. Todd, Experiments on the 
Torpedo of the Cape of Good Hope. — Ibid., vol. cvi. p. 120. Todd, 
Experiments on the Torpedo Elect ricas at La Rochelle, — Ibid., 
vol. cvii. p. 32. 
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— that currents of dectricity are always circulating in 
the animal firame ; — ^that positive electricity is constantly 
passing from the interior to the exterior of a muscle. 
Matteucci, by arranging a series of muscles, has formed 
an electric pile of some energy.* These currents 
have been detected in man, in pigeons, fowls, eels, and 
frogs. 

In the human body it is evident a large quantity of 
electricity exists in a state of equilibrium. Du Bois 
Raymond has shown that we may by mere muscular 
motion give rise to electric currents which can be 
measured by the galvanometer. This, however, may be 
said of every substance. It is perhaps more easily dis- 
turbed in the human system ; indeed, the manifestation 
of sparks from the hair and other parts of the body by 
friction is not uncommon. Every chemical action, it 
has been already shown, gives rise to electrical mani- 
festations; and the animal body is a laboratory, beauti- 
fnlly fitted with apparatus, in which nearly every 
chemical process is going on. It has been proved that 
acid and alkaline principles are constantly acting upon 
each other through the tissues of the animal frame ; 
and we have the curious phenomena of endosmose and 
exosmose in constant effort, and catalysis or surface forcey 
operating in a mysterious manner.f 

With the refined physiological questions connected 
with the phenomena of sensation we cannot deal, nor 
will any ailment be adduced for or against the hy- 

* For a concise account of these experiments see Elements of 
Natural Philosophy : by Golding Bird, A.M., M.D., &c. 3rd Edi- 
tion, cliap. XX p. 33C. In this work all the most recent researches 
are given, and the authorities referred to ; see also Matteuccfs 
interesting papers already quoted. 

f On the laws according to which the mixing of fluids, and their 
penetration into permeable substances, occurs, with special reference 
to the processes in the Human and Animal Organism, by Julius 
Vogel, of Giessen : translated for the Cavendish Society. "Liebig, 
On the Motion of the juices in the Animal Body. 
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pothesis which would refer these phenomena to some 
extraordinary development of electric force in the brain. 
The entire subject appears to stand beyond the true 
limits of science, and every attempt to pass it is in- 
variably found to lead to a confused mysticism, in which 
the resd and the ideal are strangely confounded. Science 
stops short of the phenomena of vital action. 

We cannot, however, but refer to the idea eiitertained 
by many that the brain is an electric battery, and the 
nerves a system of conductors. On this view Sir John 
Herschel remarks: — K the brain be an electric pile 
constantly in action, it may be conceived to discharge 
itself at regular intervals, when the tension of the elec- 
tricity reaches a certain point, along the nerves which 
communicate with the heart, and thus excite the pul- 
sation of that organ.^^ Priestley, however, appears to 
have been the first to promulgate this idea. 

Light is an essential element in producing the grand 
phenomenon of life, though its action is ill understood. 
Where there is light, there is life, and any deprivatioit 
of this principle is rapidly followed by disease of the 
animal frame, and the destruction of the mental faculties. 
We have proof of this in the squalor of those whose ne- 
cessities compel them to labour in places to which the 
blessings of sunshine never penetrate, as in our coal- 
mines, where men having everything necessary for healtt, 
except light, exhibit a singularly unhealthy appearance. 
The state of fatuity and wretchedness to which those 
individuals have been reduced who have been subjected 
for years to incarceration in dark dungeons, may be re- 
ferred to the same deprivation. Again, in the peculiar 
aspect of those people who inhabit different regions of 
the earth under varying influences of light, we see evi- 
dence of the powerful effects of solar action. Other 
forces, as yet undiscovered, may, in all probability do, 
exert decided influences on the animal economy ; but, 
although we recognize many effects which we cannot 
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refer to any known causes, we are perfectly unable to 
ima^e the sources from which they spring. 

It will be interesting now to examine the phenomena 
of animal heat, the consideration of which naturally leads 
us to consider the digestive system, the circulatory pro- 
cesses, and the effects of nervous excitation. 

The theory, which attributes animal heat to the 
combination of the carbon of the food taken into the 
stomach with the oxygen of the air inspired through 
the lungs, has become a very favourite one. It must, 
however, be remembered that it is by no means new. 
The doctrines of Brown, known as the Brunonian 
system, and set forth in his Elementa MedidncBy are 
founded upon similar hasty generalizations. Although, 
without doubt, true in a certain degree, it is not so to 
the extent to which its advocates would have us believe. 
That the carbonaceous matter received into the stomach, 
after having imdergone the process of digestion, enters 
into combination with the oxygen breathed through the 
'lungs or absorbed by the skin, and is given off from 
the body in the form of carbonic acid, and that, during the 
combination, heat is produced, by a process similar to 
that of ordinary combustion, is an established fact ; but 
the idea of referring animal heat entirely to this chemical 
source, when there are other well-known causes pro- 
ducing calorific effects, is an example of the errors into 
which an ingenious mind may be led, when eagerly 
seeking to establish a favourite hypothesis. 

Animal and vegetable diet, which is composed largely 
of carbon and hydrogen, passes into the digestive 
system, and becomes converted into the various matters 
required for the support of the animal structure. The 
blood is the principsd fluid employed in distributing over 
the system the necessary elements of health and vigour,, 
and for restoring the waste of the body. This fluid, in 
passing through the lungs, undergoes a very remarkable. 
change, and not merely assumes a different colour, but 
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really acquires new properties, from its exposure to the 
air with which the cells of these organs are filled. By 
a true chemical process, the oxygen is separated from 
the air, that oxygen is made to combine with the carbon 
and hydrogen, and carbonic acid and water are formed. 
These are liberated and thrown off from, the body either 
through the lungs or by the skin. In the processes of 
life, as far as we are enabled to trace them, we see 
actions going on which are referred to certain causes 
which we appear to explain. Thus, the combination of 
the oxygen of the air with the carbon of the blood is 
truly designated a case of chemical affinity ; and we 
find that in endeavouring to imitate the processes of 
nature in the laboratory, we are, to a certain extent, 
successfiil. We can combine carbon and oxygen to 
produce carbonic acid ; and we know that the result of 
that combination is the development of certain definite 
quantities of heat. Let us examine the conditions of 
this chemical phenomenon, and we shall find that in the 
natural and artificial processes, — for we must be allowed 
to make that distinction, — ^there are analogous circum- 
stances. If we place a piece of pure carbon, a lump of 
<3harcoal or a diamond, in a vessel of air, or even of pure 
oxygen gas, no change will take place in either of these 
elements, and, however long they may be kept together, 
they will still be found as carbon or diamond, and 
oxygen gas. If we apply heat to the carbon until it 
becomes incandescent, it immediately begins to com- 
bine with the oxygen gas, — it bums; — after a little 
time all the carbon has disappeared, and we shall find, 
if the experiment has been properly made, that a gas is 
left behind which is distinguished by properties in every 
respect the reverse of those of oxygen, supporting neither 
life nor combustion, whereas oxygen gives increased 
vigour to both. We have now, indeed, carbonic acid 
^as formed by the union of the two principles. 

A dead mass of animal matter may be placed in 
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oxygen gas, and, unless some peculiar conditions are in 
some way brought about, no change will take place ; 
bat, if it were possible to apply the spark of life to it, 
as we light up the spark in the other case, or if, as that 
is beyond the power of man, we substitute a living 
creature, a combination between the carbon of the 
animal and the gas will immediately begin, and carbonic 
acid will be formed by the waste of animal matter, as 
in the other case it is by the destruction of the carbon ; 
and, if there is not a fresh supply given, the animal 
must die, from the exhaustion of its fabric. ' Now, in 
both these cases, it is clear that, although this chemical 
union is a proximate cause of heat, there must be 
existing some power superior to it, as the ultimate cause 
thereof. 

The slow combustion {eremacausis) of v^etable 
m&tter, decomposing under the influence of moisture 
and the air, does not present similar conditions to those 
of the human body, although it has been insisted upon 
to be in every respect analogous. That the results 
resemble each other is true, but we must careftiUy dis- 
tinguish between effects and causes ; and the results of 
chemical decomposition in inert matter differ fit)m those 
in the living organism. The vegetable matter has lost 
the principle of organic life, and, that gone, the tendency 
of all things being to be resolved into their most simple 
fcNrms, a disunion of the elements commences : oxygen, 
hydrogen, and carbon pass off either in the gaseous 
state or as water, whilst some carbon is liberated in a 
very finely-divided condition, and enters slowly into 
combination with oxygen supplied by the water or the 
air. Hydrogenous compounds are at the same time 
formed, and, under all these circimistances, as in all 
other chemical phenomena, an alteration of temperature 
results. Heat results from the chemical changes, and 
eventually true combustion b^ins. 

The animal tissue may act in the same way as platina 
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has already been shown to act in prodndng combination 
l)etween gases; bnt of this we have no proof. We 
know that electricity is capable of producing tbe 
required conditions^ and we also leam^ from the beau- 
tifiil researches of Faraday^ that the quantity of dec- 
tridty developed during decomposition is exactty equal 
to that required to effect the combination of tiie same 
elements. Thus it is quite dear that, during the com- 
bination of the carbon of the blood with the oxygen of 
the air, a lai^ amount of electricity must become 
latent in the compound. The source of this we know 
not : it may be derived finom some secret spring within 
the living structure^ or it may be gathered from the 
matter surrounding it. There is much in nervous exci- 
tation which appears like electrical phenomena, and 
attempts have been firequently made to refer sensation 
to the agency of electricity. But these are the dreams 
of the ingenious, for whidi there is but little waking 
reality. 

Every mechanical movement of the body occasioiis 
the development of heat ; every exertion of the muscles 
produces sensible warmth ; and, indeed, it can be shown 
by experiment that every expansion of muscular fibre is 
attended with the escape of caloric, and its contraction 
with the absorption of it. There are few operations of 
the mind which do not excite the latent caloric of the 
body, and frequently we find it manifested in a very re- 
markable manner by a suddenly-awakened feeling. The 
poet, in the pleasure of creation, glows with the ardour 
of his mind, and the blush of the innocent is but the 
exhibition of the phenomenon under some nervous ex- 
dtation, produced by a spirit-disturbing thought. Thus 
we see that the processes of digestion and respiration 
are not the only sources of animal heat, but that many 
others exist to which much of the natural temperature 
of the body must be referred. 

So much that is mysterious bdongs to the phenomena 
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of life, that superstition has had a wide scope for the 
exercise of its influence ; and through all ages a powerful 
party of mankind have imagined that the spirit of 
human curiosity must be checked before it advances to 
remove the veil from any physiological causes. Hence 
it is that even at the present day so much that stands 
between what, in our ignorance, we call the real and the 
supernatural, remains uninvestigated. Even those men 
whose mind are sceptical upon any development of the 
truths of great natural phenomena, — who, at all events, 
Avill have proof before they admit the evidence, are 
ready to give credit to the grossest absurdities which 
may be palmed upon them by ingenious charlatans, 
where the subject is man and his relations to the 
spiritual world. 

Man, and the races of animals by which he is sur- 
rounded, present a very striking group, consider them 
in whatever light we please. The gradual improvement 
of organic form, and the consequent increase of sen- 
sibility, and eventually the development of reason, are 
the grandest feature of animated creation. 

The conditions as to number even of the various 
classes are not the least remarkable phenomena of life. 
In the lowest orders of animals, creatures of imperfect 
organization, — consequently those to whom the condi- 
tions of pain must be nearly imknown, — increase by 
countless myriads. Of the infusoria and other beings, 
entire mountains have been formed, although micro- 
scopes of the highest powers are required to detect an 
individual. Higher in the scale, even among insects, 
the same remarkable conditions of increase are observed. 
Some silkworms lay from 1,000 to 2,000 eggs; the 
wasp deposits 3,000; the ant from 4,000 to 5,000. 
The queen bee lays between 5,000 and 6,000 eggs 
according to Burmeister ; but Kirby and Spence state 
that in one season the number may amount to 40,000 or 
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50,000. But, above all, the white ant {Termes fatalis} 
produces 86,400 eggs each day, which, continuing for a 
lunar month, gives the astonishing number of 2,419,200, 
a nimiber far exceeding that produced by any known 
animal. 

These may appear like the statements in which a 
fictionist might indiJge, but they are the sober tmths^ 
discovered by the most pains-taking and cautious 
observers. And it is necessary that such conditions 
should prevail. These insects, and all the lower tribes 
of the animal kingdom, furnish food for the more 
elevated races. Thousands are bom in an hour, and 
miUions upon millions perish in a day. For ihe sup- 
port of organic life, like matter is required; and we 
find that the creatures who are destined to become the 
prey of others are so constituted that they pass fipom 
life with a perfect unconsciousness of suffering. As the 
animal creation advances in size and strength, their 
increase becomes limited ; and thus they are prevented 
from maintaining by numbers tliat dominion over the 
world which they would be enabled from their powers 
to do, were their bands more numerous than we now 
find them. 

The comparative strength, too, of the insect tribes has 
ever been a subject of wonder and of admiration to the 
naturalist. The strength of these minute creatures is 
enormous ; their muscular power, in relation to their 
size, far exceeds that of any other animal. The grass- 
hopper will spring two hundred times the length of its 
own body. The dragonfly, by its strength of wing, will 
sustain itself in the air for a long summer day \^-ith 
unabated speed. The house-fly makes six hundred 
strokes with its wings, which will carry it five feet, 
every second. The stag-beetle, were it the size of the 
elephant, would be able to tear up the lai^est mountains. 

Such are the wonders of the natural world; from the 
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zoophyte, growing like a flowering plant* upon an 
axis Med with living pith — a small remove from the 
oonditions of vegetable life, upwards through the myriads 
of breathing tlungs — ^to man, we see the dependence 
of all upon these physical powers which we have been 
considering. 

To trace the effects of those great causes through all 
their mysterious phases is the work of inductive science ; 
and the truths discovered tend to fit us for the enjoy- 
ment of the eternal state of high intelligence to which 
every human soul aspires. 

That which the ignorant man calls the supernatural, 
the philosopher classes amongst natural phenomena. 
The ideal of the credulous man becomes the real to him 
who will bend his mind to the task of inquiry. There- 
fore to attempt to advance our knowledge of the un- 
known, to add to the stores of truth, is an employment 
worthy the high destiny of the human race. Remem- 
bering that the revelations of natural science cannot in 
any way injure the revelation of eternal truth, but, on 
the contrary, aid to establish in the minds of the doubt* 
ing a firm conviction of its Divine origin and of man^s 
high position, we need never fear that we are proceeding 
too far with any inquiry, so long as we are cautious to 
examine the conditions of our own minds, that they 
be not made the dupe of the senses. 

In the fairies of the hills and valleys, in the gnomes 
of the caverns, in the spirits of the elements, we have 
the attempts of the mind, when the world was young, 
to give form to the dim outshadowings of something 
which was then felt to be hidden behind external 
nature. 

In the Oread, the Dryad, and the Nereid, we have, in 
like manner, an embodiment of powers which the poet- 
philosopher saw in his visions presiding over the moun- 

* A General Outline of the Animal Kingdom: by Thomas Eymer 
Jones, p. 54, et seq. 

D D 
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tain, the forest, and the ocean. Content with these, 
invested as they were with poetic beauty, man for ages 
held them most religionsly sacared ; bnt the prepress of 
natural science has destroyed this class of creaticms. 
'^ Great Pan is dead,^^ but the mountains are not voice- 
less; they speak in a more convincing tone; and, 
instead of the ear catching the dying echo of an obscure 
truth, it is gladdened with the full, clear note of nature 
in the sweetest voice proclaiming secrets which were 
unknown to the dreams of superstition. 
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CHAPTER XVI. 

OENEEAL C0NCLU8IONfi. 

The Chtoges produced on Pliyeical Pbenomena by tlia MoTe* 
raent of ike Solar System considered— Exertion of tbe 
Physical Forces through the Celestial Spaces — ^The Balance 
of Powers— Varieties of Matter — Extension of Matter — 
Theory of Nonentity — A Material Creation an indisputable 
factr<<-Advantageft of tbe Study of Science — Conclusion, ^ 

We have examined terrestrial phenomena nnder manj 
of the harmonioas conditions whidii^ with our limited 
intelligence^ we can reach by the aid of science. From 
the fiiit exhibiti<m of force, in the cohesion of two 
atoms, onward to the full development of organic form 
in the highest order of animals, we have observed 
strange infinences. We have seen the solitary molecnle 
invested with peculiar properties, and rqgulated by 
mighty forces; we have learned that the modes of 
motion given to this' beautiful sphere produce curious 
■changes in the operation of these powers ; and we may 
with safety infer that every atom constituting this globe 
is held in wonderful suspension against every atom of 
every star, in the celestial spaces, even to that bright 
orb in the centre of the Pleiades, around which the 
entire system of created worlds is supposed to roll. 

As we move around our own sun — in tba limited 
period of 365 days, and round our own axis in 24 hours 
— we experienoe transitions from heat to cold, depend- 
ent upon our position in r^;ard to that luminary and 
the laws which regulate the reception and retention of 
certain physical forces.* May we not therefore c(mclude^ 
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without being charged with making any violent deduc- 
tion, that in the great revolution of Dur system around 
the centre of space, we are imdergoing gradual changes 
which are essential to the great scheme of creation, 
though at present incomprehensible to us? 

In our consideration of the influence of time on the 
structure of the earth as we find it, we discovered that, 
in ages long past, the vegetation of the tropics existed 
upon these northern parts of the globe ; and geological 
research has also proved that over the same lands the: 
cold of an arctic winter must have long prevailed — the 
immense glaciers of that period having left the marks of 
their movements upon the face of the existing rocks.* 
We know that during 3,000 years no change of tem- 
perature has taken place in the European climate. 
The children of Israel found the date and the vine 
flourishing in Canaan; and they exi3t there still.. 
Arago has shown that a trifling alteration of tempera- 
ture would have destroyed one or the other of these 
fruit-bearing trees, since the vine will not ripen where 
the mean temperature of the year is higher than 84°, or 
the date flourish where it sinks below that degree. 

How immense, then, the duration of time since these 
changes must have taken place ! The 432,000 years of 
Oriental mythology is a period scarcely commensurable 
with these effects ; yet, to the creature of three-score 
years, that period appears an eternity. The thirty- three 
millions of geographical miles which our solar system 

-- "As to the polishing and grooving of hard rocks, it has lately 
heen ascertained that glaciers give rise to these effects when 
pushing forward sand, pebbles, and rocky fragments, and causing 
them to grate along the bottom. Nor can there be any doubt that 
icebergs, when they run aground on the floor of the ocean, imprint 
similar marks upon it." — Principles of Geology, or the modern 
changes of the Earth and its Inhabitants considered as illustratire 
of Geology: by Charles Lyell, M.A., F.R.S. Travels through the 
Alf's of Savoy, and other parts of the Pennine Chain, with Obser- 
vations on the Phenomena o) Glaciers : liy James D. Forbes, F.li.S. 
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traverses annually^ if multiplied by three thousand years, 
during which we know no change has taken place, give 
us 99,000,000,000 as the distance passed over in that 
period. How wide, then, must have been the journey 
of the system in space to produce the alteration in the 
physic^ powers, by which these changes have been 
effected ! 

We have an example, and a striking one, of the varia- 
tions which may be produced in all the physical con- 
ditions of a world, in those disturbances of Uranus which 
led to the discovery of Neptune. For thirty years or 
more certain perturbations were observed in this distant 
planet, the discovery of Sir William Herschel, and 
calculation pointed to some still more remote mass of 
matter as the cause, which has been verified by its actual 
discovery. But now Uranus is at rest ; — quietly that 
star progresses in its appointed orbit, — ^Neptune can no 
longer, for the present, cause it to move with greater. or 
less rapidity — ^they are too remote to produce any sensible 
infiuenee upon each other. Consequently, for thirty years, 
itis evident, phenomena musthave occurred on the surface 
of Uranus, which can be no longer repeated until these 
two planets again arrive at the same positions in their 
respective paths which they have occupied since 1812. 
These considerations assist us in our attempts to com- 
prehend infinite time and space ; but the human mind 
fails to advance far in the great sublimity. 

Through every inch of space we have evidence of the 
exercise of such forces as we have been considering. 
Gravitation chains world to world, and holds them dl 
suspended firom the mystic centre. Cohesion binds 
every mass of matter into a sphere, while motion exerts 
a constant power, which tends to alter the form of the 
mass. The earth^s form — a flattened spheroid — the 
rings of Saturn and of Neptune are the consequences 
of motion in antagonism to cohesion. Heat, radiating 
from one planet to another, does its work in all, giving 
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variety to matter. Light seeks out every irorld — each 
trembling star tells of the mystery of its presence. 
Where Kght anii heat are, chemical action, as an 
associated power, must be present ; and electricity 
must do its wondrous duties amongst them all. Modi- 
fied by peculiar properties of matter, they may not 
manifest themselves in phenomena like those of our 
terrestrial nature ; but the evidence of light is a sufficient 
proof of the presence of its kindred elements ; and it is 
difficult to imagine all these powers in action without 
producing some form of organization. * In the rounded 
pebble which we gather from the sea-shore, in the me- 
dusa floating bright with all the beauty of prismatic 
colour in the sun-lit sea, — ^in the animal, mighty in his^ 
strength, roaming the labyrinthine forests, or, great in 
intelligence, looking from this to the mysteries of other 
worlds, — in all created things around us, we see direct 
evidence of a beautiful adjustment of the balance of 
forces, and the harmonious arrangement of properties. 

One atom is removed from a mass and its character 
is changed ; one force being rendered more active than 
another, and the body, under its influence, ceases to be 
the same in condition. The regulation which disposes 
the arrangements of matter on this earth, must exist 
through the celestial spaces, and every planet bears the 
same relation to every other ghttering mass in heaven^s 
overarching canopy, as one atom bears to another in the 
pebble, the medusa, the lion, or the man. An indis- 
soluble bond unites them all, and the grain of sand 
which lies buried in the depth of one of our primary for- 
mations, holds, chained to it by these all-porvading 
forces, the uncounted worlds which, Uke luminous sand, 
are sprinkled by the hand of the Creator through the 
universe. Thus we advance to a conception of the one- 
ness of creation. 

The vigorous mind of that immortal bard who sang 
''of man^s first disobedience,^' never, in the highest 
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rapture, the holiest trance of poetic conception, dreamed 
of any natural truths so sublnne as those which science 
has revealed to us. 

The dependence of all the systems of worlds upon 
each other, every dust composing each individual globe 
being " weighed in a balance,^^ the adjustment of the 
powers by which every physical condition is ordered, the. 
disposition of matter in the mass of the earth, and the 
close relation of the kingdoms pf nature, — are all reve- 
lations of natural truths, exalting the mind to the divine 
conception of the universe. 

There is a remarkable antagonism displayed in the 
operation of many of these forces. Gravitation and 
cohesion act in opposition to the repellent influences of 
caloric. Light and heat are often associated in a very 
remarkable manner; but they are certainly in their 
radiant states in antagonism to chemical action, whether 
produced by the direct agency of actinic force, or through 
the intermediate excitement of the electrical current.* 
And in relation to chemical force, as manifested in or- 
ganic combinations, we have the all-powerful operation 
of LiPB preventing any exercise of its decomposing 
power.f As world is balanced against world in the 



* This may be readily proved by the following simple but in- 
structive experiment: — Take two pairs of watch-glasses; into one 

J)air put a solution of nitrate of silver, into the other a weak so- 
ution of iodide of potassium ; connect the silver solution of each 
pair with the potash one by a film of cotton, and cany a platina 
wire from one glass into the other. Place one series in sunshine, 
and the other in a dark place. After a few hours it will be found 
that the little galvanic arrangement in the dark will exhibit, around 
the platina wire, a very pretty crystallization of metallic silver, 
but no such change is observable in the other exposed to light. 
If a yellow glass is interposed between the glass and the sunshine, 
the action proceeds as when in the dark. This experiment is 
naturally suggestive of many others, and it involves some most 
important considerations. 

t In cases of violent death it is often found the gastric juice 
has, in a few houi-s, dissolved portions of the stomach. — Dr. Budd's 
Lecture before the College of Physicians. 
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universe, so in the human fabric, in the vegetable struc- 
ture, in the crystallized gem, or in the rude rock, force 
is weighed against force, and the balance hangs in tran- 
quillity. Let but a slight disturbance occcasion a vibra- 
tion of the beam, and electricity shakes the stoutest 
heart with terror, at the might of its devastating power.* 
Heat melts the hardest rocks, and the earth trembles 
with volcanic strugglings ; and actinic agency, being 
freed from its chains, speedily spreads decay over the 
beautiftil, and renders the lovely repulsive. 

We know mattei in an infinite variety of forms, fix)m 
the most ponderous metal to the lightest gas ; and we 
have it within our power to render the most solid bodies 
invisible in the condition of vapour. Is it not easy, then, 
to understand that matter may exist equally attenuated 
in relation to hydrogen, as that gas itself is, when com- 
pared with the metal platinum? A doubt has been 
raised against this view, from the difficulty of accounting 
for the passage of the physical elements through solid 
masses of matter. If we, however, remember that the 
known gases have the power of transpiration through 
matter in a remarkable degree,t and that the passage of 
water through a sieve may be prevented by heat, it will 
be at once apparent that the permeation of any radiant 
body through fixed solid matter is entirely a question 
of conditions. 

We can form no idea of the size of the ultimate atom ; 
we cannot comprehend the degree of etherealization to 
which matter may be extended. Our atmosphere, 
we have seen, is only another condition of the same 
elements which compose all the organized forms of 
matter upon the earth, and, at the height reached by 
man, it is in a state of extreme attenuation. What 

* Faraday's Experimental Researches, vol. i. ; from which a 
quotation has already been made, showing the enormous quantity 
of electricity which is latent in matter. 

t On the Motion of Gases : by Professor Graham, F.R.S. — Phil. 
Trans., vol. cxxxvi. p. 573. 
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BiTist be its condition at the distance of forty miles from 
the earth? According to known laws, certain phe- 
nomena of refraction have led us to set these boimds to 
the matter constituting our globe : but it may exist in 
such a state of tenuity, that no philosophical instrument 
constructed by human hands could measure its refracting 
power ; and who shall declare with certainty that matter 
itself may not be as far extended as we suppose its 
influences to be ? 

" Hast thou perceived the breadth of the earth ? de- 
clare if thou knowest it all. 

"Knowest thou the ordinances of heaven? Canst 
thou set the dominion thereof in the earth ?^' 

A cheerless philosophy, derived from the transenden- 
talism of the German schools, by an unhappy metaphy- 
sical subtlety, and grafted upon what professes to be a 
positive philosophy, but' which is not so, is spreading 
amongst us, and would teach us to regard all things 
as the mere exhibition of properties, a manifestation 
of powers; it believes not in a material creation. 
The grandeur of the earth, and the beautiful forms 
adorning it, are not entities. Yonder exquisite specimen 
of the- skill of man, in which mind appears to shine 
through the marble, — ^that distant mountain which 
divides the clouds as they are driven by the winds across 
it, — ^those trees, amid whose branches the birds make 
most melodious music, — ^this flower, so redolent of per- 
fiime, so bright in colour, and so symmetric in form,— 
and that lovely being who, a model of beauty and 
grace, walks the earth an impersonation of love and 
charity blended, making, indeed, "a sunshine in a 
shady place,^^ are not realities. Certain forces combine 
to produce eflFects, all of which imite to deceive poor 
man into the belief that he is a material being, and 
the inhabitant of a material world. There may be 
ingenuity in the philosophy of this school ; its meta- 
physics may be of a high order; but it evidently 
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advances from the real to the ideal with such rapidity, 
that every argument is based on an assumption without 
a proof; every assumption being merely a type of the 
pMosophy itself, — a baseless fabric, a transcendental 
vision. 

A material creation surroimds us. This earth, 
aU that it contains, and the immense hosts of stellar 
worlds, are absolute entities, surrounded with, and in- 
terpenetrated by, certain exhibitions of creative intelli- 
gence, which perform, according to fixed laws, the 
mighty labours upon which depend the infinite and 
eternal mutations of matter. The origm of a grain of 
dust is hidden from our finite comprehensions ; but its 
existence should be a source of hope, that those minds 
which are alowed the privilege of tracing out its mar- 
vellous properties, — of examining the empyreal prin- 
ciples upon which its condition, as a grain of dust, 
depends, — and even of reducing these giant elements to 
do our human bidding, — ^may, after a period of proba- 
tion, be admitted to the enjoyment of that infinite 
power to which the great secrets of creation will be 
unveiled. 

Every motion which the accurate search of the experi- 
mentalist has traced, every principle or power which the 
physicist has discovered, every combination which the 
chemist has detected, every form which the naturalist 
has recorded, involves reflections of an exalting character, 
which constitute the elements of the highest poetry. The 
philosophy of physical science is a grand epic, the record 
of natural science a great didactic poem. 

To study science for its useful appUcations merely, is 
to limit its advantages to purely sensual ends. To 
pursue science for the sake of the truths it may reveal, 
is an endeavour to advance the elements of human 
happiness through the intelligence of the race. To 
avail ourselves of facts for the improvement of art and 
manufactures, is the duty of every nation moving in the 
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advance of civilization. But to draw from the great 
truths of science intelligible inferences and masterly 
deductions, and from these to advance to new and beau^ 
tifiil abstractions, is a mental exercise which tends ta 
the refinement and elevation x)f every human feeling. 

The mind thus exercised during the mid-day of life, 
will find in the twilight of age a divine serenity ; and, 
charmed by the music of nature, which, like a vesper 
hymn poured forth from pious souls, proclaims in devo- 
tion^s purest strain the departure of day, he will sink 
into the repose of that mysterious night which awaits^ 
us all, tranquil in the happy consciousness that the sun 
of truth will rise in unclouded brilliancy, and place him 
in the enjoyment of that intellectual light, which has. 
ever been among the holiest aspirations of the human 
race. 

The task of wielding the wand of science, — of standing 
a scientific evocator within the charmed circle of its^ 
powers, is one which leads the mind through nature up 
to natiire^s God. 

Experiment and observation instruct us in the dis- 
covery of a fact; — that fact connects itself with natural 
phenomena, — the ultimate cause of which we learn from 
Divine revelation, and receive in full behef, — but the 
proximate causes are reserved as trials of man^s intelli- 
gence ; and every natural truth, discovered by induction,, 
enables the contemplative mind to deduce those perfect 
laws which are exemplifications of the fresh-springing: 
and all enduring Poetry of Science. 
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Phosphorescent spectrum, 184. 
Phosphoric acid detected in the oldest 

rocks, 837. 
Photosphere of the sun, 123. 
Photography, 170. 
— , its importance, 180. 
Physiological influences of electricity, 

219. 
Physical forces, action of, 4, 45. 

— forces, modes of motion, 7. 

— properties of polarized light, 142. 
Physiological influences of magnetism, 

268. 
Pilchard, on the, by Couch, 315. 
Plants, distribution of, dependent on 

light, 133. 
— t phosphorescence of, 156. 

— respiration of, 312. 

— and animals, dependence of, 313. 
. — , growth of, 368. 

— bend to the light, 373. 

— distribution of, 878. 



Plants of the Tropics, 881. 

Plane polarization, 141. 

" Plastic nature" of Cudworth,. 10. 

Plateau's experiment on bodies relieved 
from gravitation, 33. 

Platinum maintaining slow combus- 
tion, 309. 

Plato on motion, 10. 

— on light, 119. 
Plesiosaurus, the, 341. 
Pliocene formations, 346. 

Pliicker oncrystallo-magneticforce,57. 

— on diamagnetic bodies, 256. 
Plumule, use of, 369. 
Plutonic rocks, 334. 
Polarization, circular and elliptical, 

143. 
Polarization of light, 139. 
Polar condition of matter, 265. 
Polypes and infusoria, 387. 
Porosity of matter, 41. 
Porta, Baptista — camera obscura, 149. 
Powers, active, in nature, 405. 
Prevost, theory of, on heat, 96. 
Primary orij^iu of our planet, 334. 
Principles of motion, 10. 
Prismatic refraction, 121. 

— rays, heat of, 67. 

— analysis of sunbeam, 134. 
Principle of gravitation, 29. 
— , elementary, 38. 
Properties, essential, of matter, 5. 
Pseudomorphism, 54. 
Psychology of flowers, 357. 
Pterodactyl, the, 342. 
Pythagorean doctrine of motion, 10. 

Quinine, solution, influence of, on 
light, 129. 

Radiant heat, 69. 

Radiation and absorption of heat, 77. 
— , nocturnal, 83. 
Raia torpedo, 211. 

Raymond, Du Bois, on animal elec- 
tricity, 221. 
Refrangibility, rays of high, 130. 

— of solar forces, 168. 
Refraction, prismatic, 121. 
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Baces, depeiidenoe of, 315. 
Repoluon of heat, 108. 
Respiration of animals, 310. 

— plants, 812. 

Best, absolute and relative, 15. 
Respiration a canse of heat, 105. 
Retina, the, 149. 
Revelations of nature, 401. 
Revolution of magnetic poles, 246. 
Robinson on decomposition by heat, 

98. 
Roek formations, 335. 
Rocks, conducting power of, 224. 
Rosse's, Lord, telescopes, 25. 
Ramford, Count, experiments on heat, 

18. 

— on chemical properties of light, 
99. 

Rings, Newton's, 137. 

Safety lamp of Davy, 809. 
Salt rock, transparency to heat, 65. 
Saturn's ring explained, 84. 
Savart on vibrating plates, 257. 
Seasons, influence of heat on the, 70. 
Sea, phosphorescence of, 158. 
SchOabein on ozone, 299. 
Schwabe on solar spots, 243. 
Seebeckonthermo-electricity,211,248. 
Selenite and alabaster, 60. 
Senarmont on conducting power of 

crystals for heat, 257. 
Shooting stars, 21. 
Silicon, allotropic state of, 43. 
Silica, substitution of, 345. 
Simple bodies, chemical, 329. 
Sky of tropical climes, 319. 
Slow combustion in animals, 397. 
Smee on electricity and vitality, 219. 
Solar system, motion of, 11. 

— disc, light from, 185. 

-^ influence on magnetism, 263. 

Solidification of gases by Faraday, 
112. 

Solstices, summer and winter, 77. 

Solar spots connected with magne- 
tism, 243. 

Solar phosphori, 161. 



Somerville, Mrs., uaguetidM needles 

by light, 263. 
Sound and light, analogy of, 151. 
Spectra produced by polarisation of 

light, 144. 
Spectrum, dark lines of, 125. 
Spheroidal condition of fluids, 107. 
Spontaneous ignition, 307. 
Stahl on phlogiston, 305. 
Stars, shooting, theories of, 21. 
Steel ornaments incandescent, 137* 
Stereoscope, the, 151. 
Stokes, Prof., on fluorescence, 130. 
Stratified formations, 334. 
Substitution, chemical, 279. 
— , law of, 288. 
Substances, all, electric, 197. 
Subterranean temperature, 91. 
Sulphuric acid, permeability to heat, 

65. 
Surfaces, action of, 282. 
Strength of animals, 400. 
Structure, infinence of, on magnetism, 

256. 
— , relation of, to physical pheno- 

meua, 257. 
Struve on motion of solar system, 12. 
Sulzar on galvanism, 201. 
Sulphuretted hydrogen, solid, 111. 
Suu, the central, 28. 
— , the source of light, 121. 
— , physical state of the, 123. 
— , a magnetic centre, 265. 

Tadpole, metamorphosis of, 389. 
Talbot's sensitive photographic process, 

178. 
Telegraph, electric, 231. 
Temperature of incandescence, 68. 
Temperature, subterranean, 91. 
Terrestrial currents of electricity, 224. 
— magnetism, 255. 
Thales of Miletus discovers electricity, 

193. 
Theories of light, 86, 118. 
Thermography, 188. 
Thermometric examination of the 

temperature of flowers, 76. 
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Thermo-electricity, 209. 

Theory of motion producing force, 15. 

Thilorier on solid carbonic acid, 111. 

Time, influence of, 332. 

Tissues, catalytic power of, 310. 

Toarmaline, action of, on light, 142. 

Trade winds, 81. 

Transition series of rocks, 336. 

Transparency, calorific, 67. 

— , luminous, 124. 

Transmutation of matter, 87. 

Transmission of light, 128. 

Transcalescent hodies, 94. 

Trevelyan, Mr., on vibration of heated 

metals, 97. 
Tin^^dale proves the influence of struC' 

ture on magnetism, 258. 
Type, elements of the organic, 289. 

Undulations producing colour, 131. 
TTndulatory theory of heat, 115. 
— theory of light, 121. 
Uranus, discovery of, 31. 
Uranium glass, influence of, on light, 
129. 

Vapour, elastic force of, 318. 
Variation, magnetic, 244. 
Vegetables conductors of electricity, 

379. 
Vegetable life, phenomena of, 857. 
Vegetation of carboniferous epoch, 339. 
Velocity of electricity, 231. 
Vertebrate animals, 390. 



Vision, phenomena of, 148. 

Vis vitee, vital principle, 391. 

Vision single with a pair of eyes, 150. 

Vitality superior to physical force, 53. 

Vision, seat of, 149. 

Volume, doctrine of, 287. 

Volcanic action referred to chemical 

action, 271. 
Volatilization of matter, 27. 
Voltaic electricity, 201. 

Water, absorption of heat by, 74. 

— frozen free of air, 112. 

— free of air, peculiar state of, 118. 
— , electricity in a drop of, 204. 

— composition of, 296. 
Wargentin's notice of aurora, 248. 
Wave movement of heat and light. 

68. 

Wealden formations, 343. 

Wedgwood on incandescence, 100. 

Wells, Dr., on dew, 84. 

Wiedman on electrical vibrations, 257. 

Wenzel's proportional numbers, 277. 

Winds dependent on heat, 80. 

WoUaston notices dark lines in spec- 
trum, 125. 

World, its age, 404. 

Young on molecular forces, 49. 

Zodiacal light, 25. 
Zoophytes, microscopic, 387. 
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Oata Lodfces: Cotuavs and other Residences, in the Grecian, ItaUas, mud Old Emgttah Style 
of Architecture : wUh Eatimatcs. 2 vols, rojral 4to, 96 Plates (pab. at U. te.), elotli, SL Ui. Id.. 

ARINOLArS (CAPT.) VIEWS IN INDIA, SCENERY, COSTUME, AND ARCHI- 
TECTURE : chti 9^ en the Western Side of India. Atlas 4to. Conais^Bcjor S6 most heaatt- 
ftillr coloured Plates, highly finished, In imitation of Drawings; with I>«8cripUve Lettti- 
press. ( Pub. at 121. ISf . ). half-houod morocco, gilt edgea. %U99. IIM . 

This Is perhaps the most exqulsitelj'Coioured volume of landscapes erer prodoeed. 

HANSARD'S ILLUSTRATED BOOK OF ARCHERY. BebwtiM complete Hhtorjaiii 

Practice of the Art: interspemed with numerous Anecdotes; f<mning a complete Manual to' 
tKt. F'^wman. 8vo. Illustrated hjr 39 beautUtil Line Engravings, cxquisneiy fiidshed, ^ ' 
EvoLBMaAnr, PornxnonT, etc, after Designs by SrsPHAJiorF (pnb. at II. 11*. fid.), gilt cwO, 
lot. 6d. 

HARRIS'S GAME AND WILD ANIMALS OF SOUTHERN AFRICA^ Lane fanfL ' 
folio. SO beautlAilly coloured Bngravings, with SO Vignettea of Henda, Sktais, fcc (pnh. at 
10^ 10«. ), ht. morocco, 6i.6a. IIM 

HARRIS'S WILD SPORTS OF SOUTHERN AFRICA. Inpl. ivo. m bumtlftilly^ 
loured Engravings, and a Map (pub. at 2L St.), gilt cloth, gilt edges, li: Is. IMI ; 

HEATH'S CARICATURE SCRAP BOOK, on 60 Sheets, containing upwards of IOMCo^ 
Sntuecta after Sbtmour, CnuiKSHAMR. Phis, and other endnent Cagjratnriata, oblong Mb 
(pub. at 2^ St.), cloth, gilt, I5t. 

This clever and entertaining volun.e Is now enlarged bv ten additional abeeta, each can* 
taining numeroua lubjecu. It Includes the whole of Heath's Omnium Oatbervm, both Scrim; 
Illustrations of Demonology end Witchcraft , Old Ways and New Wavs; Nautical Dictioaaiy; . 
Scenes in London; Sayings and Do'.ngs, etc.; a series of humorous illustrations of Provens,' ' 
etc As s large and almost infinite storehouse of humour it standa alone. To the yenag 
artist it would be found s most valuable collection of studies; and to the ftodly dide a tMh 
Slant source of unexceptionable amusement. 

HOGARTH'S WORKS ENGRAVED BY HIMSELF, iss fine PUtM (ineliidlng the tv» 1 
well-known ** suppressed Plates"), with elaborate Letter- press Descriptiotts, by J. Nicaou. 
Atlas folio (pub. at &0I.), half-bound morocco, gilt back and edgea, with a aeciet poekat ta' 
auppressed plates, 7'. 7s. Utt, 

HOLBEIN S COURT OF HENRY THE EIGHTH. A Series of M ezquiaite^ beratHU 
PortraiU, engraved liy Baktolossi, Coopek, and otiiers, in Imitation of the wWmII . 
Drawings preserved in the Royal Collection at Windsor; with Historical and BtegrnUeall • 
Letter-press by BoMtrnn Lodgk, Esq. Published by Jonv CBAMBBULamx. ImpeililMe 
(puh. at 15^. 15t.)> hsir-bound morocco, fttll gilt bsck and edges, 81. 15s. fid. Mil ^ 

HOFLANDS BRITISH ANGLER'S MANUAL; Edited bv Bdwakd Jessb, Bso.; or,' 
the Art of Angling in England, Scotland, Wales, and Ireland; including a Piscatorial Aceoait 
of the principnl Rivers, Lakes, and Trout Streams j «ith Instructiona in Fly Fishing, TrolUag, - 
and Angling of every Description. With upwards of 80 exquisite Plates, many of which are ■ 
highly-finished Landscapes engraved on Steel, the remainder beautiAUly engraved on Wood. 
8vo, elegant in gilt cloth, 12i. l»a 

HOPE'S COSTUME OF THE ANCIENTS. Illustrated In upwards of 120 besntihDy- 
engraved Plates, containing Representations of Egyptian, Greek, and Roman Hahiu aad 
Dresses. 2 vols, royal 8vo, New Edition, with nearly 20 additional Plates, boards, redac#l 
to 2L i$. lUl 

HOWARD (FRANK) ON COLOUR, as a Mkaxs of Akt, being an adaptation of the Ezpe- '. 
rienceof Professors to the practice of Amateurs, illustrated by 18 coloured Plates, post svo, 
cloth ^It, St. 

In this able volume are shown the ground colours in which the most celebrsted paintera 
worked. It is very valuable to the connoiaseur, as well as the atndent, in painting and vatci^ 
colour drawing. 

HOWARD'S (HENRY, R. A.) LECTURES ON PAINTING. I>ellvered at the Eeyal 
Academy, with a Memoir, by his son, Frank Howako, large poet Svo, cloth, 7«. fid. IMS 

HOWARD'S (FRANK) SPIRIT OF SHAKSPEARE. 483 fine outline Phitca,illustntive«f 

all the principal lacidents in the Dramas of our national Bard, & vola. Svo (pub. at 14/. It.), 

cleth, 2/. 2t. IU7--SS 

•»* The 483 Plates may be had without the letter-press, for illustrating all 8vo editions ti 

Shakspeare, for IL lit. 6d. 

HUMPHREY'S (H. NOEL) ART OF ILLUMINATION AND MISSAL PAINTINa 

Ulustrated with 12 splendid Examples fh)mthe Great Masters of the Art, selectMllrom MIm1% 
all b«utU'ulIy Uluminated. Square 12mo, decorated btading, iU U. 

HUMPHREY'S COINS OF ENGLAND, • Sketch nf the progress of theBngUsh Colnagi, 
from the esrliest period to the present time, with 228 besutiful fac- similes of the most interast- 
ing specimens, illuminsted in gold, silver, and copper, square Svo, neatly decorated binding, ISik 

C "4£»Xf.£^WPLES OF TUDOR ARCHITECTURE ADAPTED TO MODERN 
^ HABITATIONS. Royal 4to, 37 Plates (pnb. at 2^ St.), half morocco IL U. 

***^]l!J2»PP*PNwS f9A PARSONAGE-HOUSEf- -^tMS-HOUSES^ ETC. l^* ' 

«• arPhUes(pfU>.«tl<.It.),halfmoniccn, 14*. "* *« '^ l|B 



PUBUSHED OR SOLD BT R. O. BOHN. 



HUNTS DESIGNS FO« GATE LODGES. GAMEKEEPERS* COTTAGES, ETC 
JRoyal «to, IS Plates tpuu. at U. It.), half morocco, 14«. It41 

HUNTS ARCHITETTURA CAMPESTRE; OR, DESIGNS FOR LODGES, GAR. 
DENER8' HOUSES, etc. IN THB ITALIAN STYLE. IS PUtei, royal 4to (pub. at 
1^. U.), half morocco, 14t. 1827 

ILLUMINATED BOOK OF CHRISTMAS CAROLS, tqnartsvc 24 Bordm tlliunlnated 
in Gold aiid Coloom, and 4 beautiful Miniatures, ricbly Oniam«at«d Biadins (pub. at U. &«.)* 
IS*. 1846 

ILLUMINATED BOOK OF NEEDLEWORK, By Mm. Owxv, vithalllst^nr of Needle- 
vwk, by the Covmtkss of Wiltox, Coloured Plates, post sro (pub. at 18«.), gilt clitb, 9«. 1847 

ILLUMINATED CALENDAR FOR 1850. Copied from a celebrated Missal known as the 
** Hours" of the Duke of Anjon, imperial 8to, S6 exquisite Miniatures and Borders, in gold and 
colours. Ornamented Binding (pub. at 2^ 2«.), Ida. 

ILLUSTRATED FLY-FISHER'S TEXT BOOK. A Complete OrJde to the Science of Tron« 
and Salmon Pishing. By Thbofmilus South, Obkt. (£d. CurrrT, Barkistbr). With 
33 beautlHtl Engraviogs on Steel, aner Paintinga hy Coopbk, Nxwtox, FiKLDiMO, Lbk, and 
others. 8vo (pub. at l^. li«. 6tU), cloth, gilt, lot. 6c(. 18U 

ITALIAN SCHOOL OF DESIGN. ConslMing of lOO Plates, chiefly engraved by Bartc 
Z.OXZI, alter the original Pictures and Drawings of GuBacmo, Michabl Axoblo, Domsni- 
CHixo, Akmiralb, LuDovico, and Aoostixo Caracci, Pibtro da Cortoma, Carlo Ma- 
KATTi, and others, in the Collection of Her MRjesty. Imperial 4to (pub. at loL 10a.), half mo- 
rocco, giit edges, 31. it, 1812 

JAMES' (G. P. R.) BOOK OF THE PASSIONS, royal 8vo, Illustrated with 16 splendid 
Line Engravinn, after drawings by Edward Courbould STBPHAXopr Chalom, Kbkxt 
MxADOWR, and Jbrkins; engraved under the superintendence of Charlbs Hb^ath. New 
and Improved edition (just puoUshed), elegant In gilt cloth, gilt edges (pub. at 1/. lu. fid.). 
Us. 



JAMESON'S BEAUTIES OF THE COURT OF CHARLES THE SECOND, a vols, 
tmpl. SVC. SI beautlAil Portraits (pub. at 2^. te.), cloth, 1/. 1«. 1838 

JOHNSON'S SPORTSMAN'S CYCLOPEDIA ofthe Science and PracUceofthe Held, the 
Turf, and the Sod, or operations of the Chase, the Course, and the Stream, in one very thick 
▼oL Svo, Illustrated with upwards of 50 Steel Engravings, after CoorxR, Ward, Uaxcock, and 
0thMS (pub. at IL lU. 6d.), cloth, 1&«. 

KNIGHTS (HENRY GALLY), ECCLESIASTICAL ARCHITECTURE OF ITALY, 

FROM THE TIME OP CONSTANTINE TO THE FIFTEENTH CENTURY. With aa 

Introduction and I'ext. Imperial folio. First Series, containing 40 beautiful and highly Into- 

• restlns Views of Ecclesiastical Buildings in Italy, several of which are expensively illuininated 

In gold and colours, half-bound morocco, 5/. &t. ""' 



Second and Concluding Series, containing 41 beautlfViI and highly 4nteresting Views of Eccle- 
idasticsl Buildings in Italy, arranged In Chronological Order; witk DescrlpUvo Letter-prens. 
Imperial folio, half-bound morocco, it. it. 1844 



KNIGHTS (HENRY GALLY) SARACENIC AND NORMAN REMAINS. Toillus. 
trate the Normans in Sicily. Imperial folio. 30 large Engravings, consisting of Picturesque 
Views, Architectural Remains, Interiors SLd Exteriors of Buildings, with Descriptive Letter- 
press. Coloured like Drawings, half-bound morucco, ii. 8«. I84i 
But very few copies are now first executed in this expenalvt manner. 

KNIGHTS PICTORIAL LONDON. 6 voU. bound In s thick handsome vols, imperial Svo, 
Ulustrated by lUO Wood Engravings (pub. at SI, 3«.), cloth, gUt, IL 18*. 1841-44 

LONDON.- WILKINSON'S LONDINA ILLUSTRATA; OR, GRAPHIC ANS 
HISTORICAL ILLUSTRATIONS of the most InteNsHag and Curious Architectursl 
Monuments of the City and Suburbs of London and Westminster, e.f.. Monasteries, Churches, 
Charitable Foundations, Pslsces, Halls, Courte, Processions, Places of earhr Amusemente, 
Tliearres, and Old Houses. S vols. Imperial «to, containing 307 Coppei^plate Engravings, with 
Historical and Descriptive Letter-press ( pub. at Mi, fta. ), half-bound morocco, it. bt. IRIS -28 

LOUDON'S EDITION OF REPTQN ON LANDSCAPE GARDENING AND 
LANDSCAPE ARCHITECTURE. New Bdltkm, SM Wood Cute, Portrait, thick 8vo, cloth 
lettered (pub. at IL loa.), lit. 

LYSON'S ENVIRONS OF LONDON; belncan Historical Account of the Towns, Villsges 
and Hamlete in tlie Counties of Surrey, Kent, Essex, Herts, and Middlesex, 8 vols. 4to, Plate* . 
(pnb. St 10/. lo«.), cloth, it. lOt, 
The same, large paper, ft vols, royal 4to (pub. at lit, 18s.), c'oth, U, 8s. 

MACQREGORS PROGRESS OF AMERICA FROM THE DISCOVERY BY 
COLUMBUS, to the year 1848, comprising ite Histeiy and StstUtica, 2 rMtarkably thick 
wolsmes, imperial tvo. eloth lettered (pub. at U. 14s. M.), 1<. lU. 8d. Utf 

MARTIN'S CIVIL COSTUME OF ENGLAND, fh»i the Conquest to the PnMRtPma«- 
^|Bram Tanestry, MSS. k: Iteyal *«•, M »lstea« im naU aUf lUoalaated !• Gold tmi Crtogw, 



GATAL06US OV «¥V BOOKS 



HEVRICICS PAINTED IIXU8TIIATION6 OF AHCtENT ARMS AND AlUiOUfL 
a CflHeal iMtuIrr into AaelMt Anmmr u ft «sirt^ la Biii*|M, b«l ikSftaeMlarlji hi BaglMid, 
Ihta tiM Nornuw Conquvit to th« Rdfa of Charles II, with a OI<M«arv, etc. by StatAiivsft 
Br»ii Mavaira. LL.1)^ P.AJk.,etc.t new aad itraaUy fanpiwred Edittoa, rarraetii aai •■• 
larnvd thPHicbiim bjr tha Aothor hinualC with tha ■wHtwca ot Utarary and OHlMMiia 
Friaada (Albert Wat, etc.)i > vols, impariai Ata, Ulustraiad by bmmw thaa M» PtaMCt 
aptaadidly lllumiaatad, noiiUy la gold and lilvar, axhibiUaa aome ttt the fiuasi BpichatM 
aalMinflH BuffUadi alwta new Plata af iha Twirawwat af Lecka aad Kaya (p«k.aitiqu 
kaV-hmind morocco, fltt adgat, laL Its. Ml 

kiK WALTaa ScovT JaaUjr daKilbM ttia caOaetlM as *'thb i3iooM»AmABi,B AMaamx." 
_£iw6Mf«A Rtmiem. 

•KYmCK-S DESCRIPTION OF ANCIENT ARMS AND ARMOUR, b tha OAe. 

Uun or Goodrich Coait, IM BagiavlBsa hy Jos. Skblxob, t vote. Mia <p«ik. allltUaJk 
kalfMococc«», top edica* lilt, 4i.M«.M. 

MILLINGS N'S ANCIENT UNEDITED MONUMENTS; eotaprtaias PataM Gmk 
Vaaea,8Utnes, Busts, Bas-Ballab. and otharRaaudaaarOaMiaB Art. C> fauqia a^ haMtfM 
Banaviaas. atnstJy coloond, vilk LtWi t pi aw P si cri pl lw , iaqiecfal «a (p«h.altLfO. 

MOSES ANTIQUE VASES» CANDELABRA, LAMI 
Tksaas, Tombs, Maasoletiins, Sapulebral Chanbert, "' 



I^BRA, LAMP& TRIPODS, PATERiE, 

unbm, Ciaaraiy Uma. 8arro|ika|ri.C^; ol 

lataa, several of which ara cahwnad, mttk Lattet ptasa, hw uogM,maJl 
tta(pBb.ata<.3s.),elath,ll.te IB* 



ether Clnuaieala, IT* Plaiea, several of which a 



MVRPHY*S ARABIAN ANTIQUITIES OF SPAIN; rapraseMiac to Mt aor h%Mf 
flnislied Hoc EninavitiKS, by La Kbox, Pixnaa, LAansasa, G. Cookb, ke^ tto most 

" ^«iiiaiiu of the ArchitcctQTa, Scolptwv, PaiMiaaa, mad Moaalcs of the OjmIiI 

xlstlag la tha Pealnsala, biehidins the maanUfeeat Palace af Alhaaihca; the 
os<|B« and Bridge at Cordova: tb«> RoyalVHlaor OaaenHflie: aadlkaCMads 
napaaled by Letier-praes Deaeriptioas, fai 1 vaL ailaa Cnllak eci^Bal aad hriOaat 
irtliePlatea(pah.atttl.),h»iraBaneeo,ltl.Uiu WM 



icnarfcabie Remains of 
▲tabs nov cxli 
aelelirated Most 
Carboa: aceoroi 



MURPHYS ANCIEN-r CHURCH OF BATALHA, IN POfmiOAU tUmu Ba.; 
vatliHM, Scrtiona, and Views of the: with Ha Hiatary aad Paaiiipiiea. Mid aa laliBfaalniy' 
Discourse on GOTHIC ARCHITECTliRB, taaperial folio, S7 Im Cappar Plalaa, ai«m«ei 
hj LowKT (pub. at M. fib), half morocco, J<. fa. UM 

NAPOLEON GALLERY; Or IDaaHatioaa of Iha Ufh and Ttaaaa aftha Wjiiii, «Hh « 

Btehlnis an Steel by Rbtbil, aad other aariaeat Aitlata, la Ma tkkk voknaa fa* ■■•. IptA. 
at l£. Is.), gilt cloth, gilt edgea,IO«.6d. IM 

NICOLAS S (SIR HARRIS) HISTORY OF THE ORDERS OF KNIQHTNOOD 

OP THK BRITISH EMPIRE; with an Accoont oi the Medals, Croasea, and Ciaapa which 
kave been conferred for Naval aad Military Servlcea: tofrather with a History of tha OrdaroT 
Mm Gaelpha of Hanover. 4 vola. Imperial 4to, aplendidlv priatad aad ilhwtrated 1^ aamavaoa 
flne Wuotiruts of Badfcea, Croasea, Collars, Stars, Medals, Ribbands, Ciaapa, etc aad ataay 
laiae Pfartea, Ulamlnated In irold aad eoloara, inelnding foil- leairth Partratta of Hnaaa Vle> 
taria. Prince Albert, the King of Haaover, and the Dokaa of Camhridge aad Saaaax. (Pak 
at 14L 14s.), cloth, with morocco backa, iL l&s. id. •«• Coa^lcir t» IMf 

le, with the Platea richly colovad bat aoi OlaaalaataA, aad wiOaat tta 



asUra portraita, 4 vola. royal 4to. cloth, a<. Ifls. W. 

-Sit llarria NIeolaa haa piadnced the flrat compiaheaalva Hiatary of the Britiah Oidan af 
Kniahthuod: and it is or« o/^M«> wuttt timkvrm t elf prepmre^ mini nteMtiUip primtru mmrka tta( cMf 
imtud/rtm the urrt. The Anther appears to ns to have negleeted no aourcaa of lalbrautiaa, 
aad to have exhaiiatad them, as far as regards the general scope aad parpooe of tha iaqaby. 
The Graphical lUiutratiena are aoeh aa bacoaae a work of this character ap«a aoch a aahiaet; 
at, of course, a lavish coau l*he reaoarcea of the recently revived art of wood-engxaviaghava 



heen c«>mhined with the new art of nrintlBg In colours, ao as to produce a rich eliact, ataaaat 
rIvalUna that of the monastk Uhimlnaaona. 8mHk a koU it tmrtffm ptmt* im emrrf frtmt MfVfi 
It contains matter calcalated to iateraat eztaaaive plaaaaa of^raadaia, and wa hope ^ a« 
q^faaea to excite their coiloalty.'*— Oaariam^ BcsMat. 

NICHOLSONS ARCHITECTURE: ITS PRINCIPLES AND PRACTICE. » 
Plates by Lowax, aew adi tt aa, laviacd by Joa. Gwut, Ba^., aaa vetauM, layd •••• 
lLllM.6d. IM 

For elaaaical ArcMtactara, the test hack af tha Pr^eaaiei^ ika aaaat uaaM OaUa ta Iha 
Btadent, aad the beat Campaadlam flsr the Aawteor. An eminew Architect haa dailini 
It to be " not only the moat tueftil book of tha kind ever publlahed, but abaolutaty imtlinw 
aahla to the Stodeat.'* 

PICTORIAL HISTORY OF GERMANY DURING THE REIGN OF FREOERICtC 

TUB GREAT, including a complete HIatorv of the Sevea Yeaxa' War. By PBAfcn 
KooLxa. Illustrated by Aboi^h Mmsju. Boyal tvo, with abeva Mt Woodeala (pah. at 
U. St.), clota gUV Us. Htf 

PICTORIAL GALLERY OP RACE-HORSES. CantaiaiBg Portraha of aO thaWtakg 
Boniea of the Derby, Oaks, aad St. Lager Stakea dvilag the taat Thirteea Teaaa, mi a Bla- 
tory of the principal Operations of the TorC By Wui>aAKB (Oaa. Tattarsall, Ba%l. M9A 
•aa, eaataiatng 0ft baaatifai Bagravinfa ef Horaaa, after Pictavaa by CooraaT IniBUV^ 
Haboock, Autaa, aa. Ako ftill laagfth characaariatie Portiaha of calahratadiefcMr fcli" 
■M (••Cracka of tha I>ftT")t ky imruwn, {§Mk, at M. St.), acarlat elotk, sV^ M. la 



PUBLISHED OR SOLD BT H. O. BOHN. 



nCTURESCrUE TOUR OF THE RIVER THAMES. In Ha WM;«ni CMmw, l»eta«li« 
Mrticular DeM-riutioa* of Rtcluaoad. Windaor, and HmmirtMi Court. By JoHa Fisbbb 
If VKBAT. Illu«tr«Md V upwards of 100 vety liijciiljr-flnisbed Wood Bagravlufi bj Okuv 
tMiTH. Bkakston, Lavdblui* Likton, and other tminaat artisU; to wbieh an adJai 
Mwr«l hoautiful Coppor and Steel Plate Engravinffi hjr Coouc aad othan. 0»a lug* haai- 
«o«e volaino, royal 8to (pub. at II. te.;, gilt cloth, lii«. 6d. Utf 

Tbo moot boootjrtil ▼olvmo of Topographical Uimaprrapka ovw pradaeo«L 

PINELU'S ETCHINGS OF ITALIAN MANNERS AND COSTUME, iacladliiffhto 
Carnival, Bandhti, ftc, 17 PUtca, imperial 4to. half-houad morocco, l&«. Aoow, ttlt 

PRICE (SIR UVEDALE) ON THE PICTURESQUE in Scenery and LandacapeOafdea. 
Ing, with an Essay on the Origin of TaMte, and mach additional matter. By Sir TuoMAa 
Dick Laodbr, Bart, tvo, with M beautiftU Wood BograTlnsa by Movtaov ftTAJn,BT 
(pub. at IL U.U gil* elotb, I3t. litt 

PUGIN'S GLOSSARY OF ECCLESIASTICAL ORNAMENT AND COSTUMEl 
•etting forth the Origfa, Uistonr, and Signification of the various Bmblems, Uevkea, and SyaU 
bolical Colours, peeaUar to Cbrlatian Designs of the Middle Ages. Illustrated by near^ it 
Plates, splendidly priatad la gold and coloura. Royal 4to, half moreooo extra, top edges gilt, 

PUGIN'S ORNAMENTAL TIMBER GABLES, selected fton AadMit Sxanploa to 
Sai^od and Normandy. Boyal 4to, 30 Plate*, cloth, \L U. M9 

MiGIN'S EXAMPLES OF GOTHIC ARCHITECTURE, selected from Andeat 
Sdiflces in England; consisting of Plans, Elevations, Seetioas, and Parte at large, with Hlata- 
zical and Descriptive letter-press, illustrated by 322 Engravings by La Kaox. S vola. Ma 
f pub. at 12/. lb.), cloth, 7L 17«. 6d. UW 

PUGIN'S GOTHIC ORNAMENTS. M fln« PUtea, drawn oa Stoaa by J. D. HAUiaa aad 
ocbers. Royal 4to, half Bsoroeco, Si. S«. ISM 

^UGIN'S NEW WORK ON FLORIATED ORNAMENT, wHh so pUtes, splendidly 
mriated la Gold and Colours, royal 4to, elegantly bound la dmli, with ilea gold ^ 

RADCLIFFE'S NOBLE SCIENCE OF FOX-HUNTING, Ibrthai ^ 

ivo., nearly 40 beautiful Wood Cuts of Hunting, Hounds, Ac (pub. at IL 8*.), cl( 

RETZSCH^ OUTLINES TO SCHILLER'S "FIGHT WITH THE DRAGON," ,1 
B«yal 4to., eootainiag 16 PUtes, Bi^raved hy Moosa, stiff covers, 7«. W. k^ 



RETZSCH'S ILLUSTRATIONS TO SCHILLER'S "FRIDOUN," hnyu. w^ eo»w. < 

lag 8 PUtes, Engraved by Mosas, stiff covers, ia.6iL H 

REYNOLDS' (SIR JOSHUA^ GRAPHIC WORKS, sw beawtiftil Enpavinga (cMt- 
prlaing nearly 4uO subjects) after this deligbtftil painter, engraved on Steel by 8. W. AeyaoMa. 
i voU. folio (pub. at 36/.), half bound morocco, gilt odgos, liL It*, 

REYNOLDS' (SIR JOSHUA) LITERARY WORKS. Comprising Ms Diseouraoi, 
delivered at the Boyal Academy, on the The<iry and Practice of Paintinv; his Journey t« 
^laadera and Holland, with Criticisms on Pictures; Du Presnoy's Ari uf Painting, with Nota^. 
vo which is prefixed, a Memoir of the Author, with Remarks Illustrative of his Principloa aad 
i»aactice, by Bbxchbt. Mew Edition, t vols. fcap. Svo, with Portrait (pub. at I8«.),gilt 
uoth, tn*. 184i 

**His admirable Discourses contain stich a body of Just critlcUm, clothed in such perspicnoua. 
alagant, and nervous language, that it is no oxairgerated panegyric to assert, that Uiey will laal 
aa long as the English tongue, and contribute, not less than the productioBs of hl» peaeU, to 
reader hU name immortal.''— iVortAco/^. 

ROBINSON'S RURAL ARCHITECTURE; being a Series of DesignB for Ornamental 
Cottages, in 96 Plates, with Estiaiatea. Fourth, greatly improved. Edition. Royal 4to (pub. 
at 4/. 4«. ), half morocco, 3^ te. 

ROBINSONS NEW, SERIES OF ORNAMENTAL COTTAGES AND VILLASu 
30 Platen hy HAaofHO and Allok. Royal 4to, half morocco, IL U. 

ROBINSON'S ORNAMENTAL VILLAS, 06 Plates (pub. at 4i.4«.>, half moroeoo,S<. la. 

ROBINSON'S FARM BUILDINGS. 56 Plates (pub. at IL »•.), half morocco, II. lis. tdl 

ROBINSON'S LODGES AND PARK ENTRANCES. «• PUUs (pob. at »L it.), htSt 

morocco, 1/. I U. 6cL 
ROBINSON'S VILLAGE ARCHITECTURE. Pourtk BdMoa, witk additional PUIa. «1 

riaies (pub at IL I6«.), half bound uniform. U. U. 

twTf Houie, »>y JoHK BaiTTOK, Impenal folio. 50 fine engravings, by La Kaox ^9^^^• 
VU. 16«. I half morocco, gilt edges, %U 13«. 6d. "^ 

■OVAL VICTORIA GALLERY, ccmprislng 33 beautlfui Engravtagt, •"•' P*^P?!J» JL 
"^iScKINOHAM PALAc't partWarlJ R.MBRA«.yr, the 0«^*°"' J"i!^'e?Tw 
5.,w. Both, Cutp, Rbvkoldh, Titiak, ana Robkks »»^/«f *' ®5^il^%2.^i 
BEvioLns, rnBSBoar, BuaKKi, ke.j with lettar-pwsa by Liaaau., t9»M «• l»«W. W 
4L 4s.), half moroceo* U. 11«. CO. 



GiLTALOGTTB OF NEW BOOKS 



RUDING-S ANNALS OF THE COINAGE OF GREAT BRITAIN AND ITS 
DEPENDENCIK8. Tkree vols., 4to^ U9 platn, (pub. M64. fit.) elotii, 4<. ««. I»M 

SHAKSPEARE PORTFOLIO; a. ScHm of 96 QuAPnic Illustkatiohs, after Dedcw by 
tbc most eminent British Artists, iucludinc Smirke, Stoibard, Stepb«noff, Cooper, WcstaiL 
Hilton, Leslie. Brircs, Corbould, Clint, ke^ b«aatirall7 rngravod by HeathrGrestbaeh, 
Bohinson, Pye, Finden, Eoi^iehart, Armstrong, BoDs, «iid otiten (pab «ts<. Sc). In a cut. 
vith leather Wck, imperial 8vo, IL lu " ^ 

SHAW AND BRIDQENS' DESIGNS FOR FURN ITURE, vttli CandeUhra and iaterior 

J>ecoraUoo, fto Plates, royal 4to, (pub. at 3^ 3a.), balf-bound, uncut, lLllM,6d. iSM 

Tbe same, larfe paper, ImpL 4to, the Plates coloured (pub. at 6/. 6*.), hr.-bd., uncut, SL 3^ 

SHAWS LUTON CHAPEL, ^^ Architecture and Ornaments, Olnstr^ed In a series of H 
higbly finished Line Engravings, imperial folio (pub. atU, S«.), balfmoi ceo, uncut, U. 16*. 

U» 

SILVESTRE'S UNIVERSAL PALEOGRAPHY, or Fae.similei of tbe writings of eveiy 

Se, taken from the most authentic Missals and otner interesting Mtuiuseripts existing In tke 
braries of France, lUly, Germany, and England. By M. SilTestre, containing upvaids of 
300 large and most oeautifuily executed fac-similes, on Copper and Stone, mo^it richly illoffli- 
nated in the finest style of ait, 2 vols, atlas folio, half morocco extra, gilt edges, 31L lOc 
■ The HiMorical and Descriptive Letter-press by ChampoIUon, Flgeac, and Cham- 

pollion, jua. With additions and corrections by Sir Frederick Madden. 2 vols, royal Svo, 
cloth, It. 16*. isse 

— the same, S vols, royal 8vo, hf. mor. gilt edges (unlfbrm with the folio work), U. Si. 

SMITH S (C. J.) HISTORICAL AND LITERARY CURIOSITIES. ContUting of 
Fac-similes of inteiesting Autographs. Scenes of remarkihle Historical Evenu and intrrestinf 
Localities, Sngravinjn of Old Hoiisesj Illuminated and Missal Onuunenis, Antiquities, kc 
ftc. , containing !00 Plates, some iUumiuated, with occasional Letter-press. In 1 volume 4to, 
half morocco, uncut, reduced to 3^. im 

SMITH'S ANCIENT COSTUME OF GREAT BRITAIN AND IRELAND, From 
the 7th to the ICth Century, with Historical Illustrations, folio, with 6> coloured plates ilia- 
minated with gold and silver, and highly finished (pub. at IM. lOt.) half bound, nmrocee, 
extra, gilt edges, 3/. 13*. &£. ^ ^ 

SPORTSMAN'S REPOSITORY; eomprisinr a Series of highly finished Line Bnnravingi^ 
. representing the Horse and the Dog, in all their varieties, by the celebrated engraver Johji 
Scott, fh>m original paintings hy Relnagle, Oilpin, Stubbs, Cooper, and Landsecr, accom> 
panied by a comprehensive l3escriptioa by the Author of the ** British Field Spurts,'* 4to, with 
37 large Copper Phites, and Bumerous Wood Cuts ay Bomett and others (pub. at Si. IXi. 6d.). 
cloth gilt, 1 2. Is. 

STORERS CATHEDRAL ANTIQUITIES OF ENGLAND AND WALES. « wh. 
bvo., with Jj6 engravings tpub. at Jt. IO«.)i Half morocco, il. 12. W. 

STOTHARD'S MONUMENTAL EFFIGIES OF GREAT BRITAIN H7 beautlfbHy 
fini-shed Etchings, all of M-hicli arr more or less tinted, and some of them highly illumiaateti is 
gold and colours, with Historical Descriptions and Introduction, by Kemps. Folio (pub. at 
19/.), half morocco, 8/. &i. 

STRUTTS SYLVA BRITANNICA ET S'^OTICA; or, Portraits of Forest Tree*, dlitin- 
guiiihed for their Antiquity, Magnitude, or Beauty, comprising 50 very large and higbly-finished 
paiuters' Etchings, imperial folio (pub. at !>/. Ot.), half morocco extra, gilt edges, 4/.'lo<. 

182C 

STRUTTS DRESSES AND HABITS OF THE PEOPLE OF ENGLAND, from 
the Establishment of the Saxons in Britain to the present time; with an histoiicsl and 
Critic-il Inquiry into every branch of Costume. New and greatly improved EUlition. »i;h Cri- 
tical and Explanatory Notes, by J. R. Plaxche'. Esq., F.S.A. 2 vols, royal -Ito, l'^ I*:*Je$, 
cloth, 4/. 4t. The Plates, coloured, 7^ 7«. The Plates splendidly illumluated in gold, lilver, 
and oparjue colours, in the Missal style, 20(. 1S4I 

STRUTTS REGAL AND ECCLESIASTICAL ANTIQUITIES OF ENGLAND- 

Containing the most authentic Representations of all the English Moiiarchs from Rdvtnlthe 
Confi-ssor^to Henr>- the Eisrhth; together with many of the Great Personages that wereemt- 
nent under their several Reigns. New and greatly Improved Edition, by J. K. Plascui^ 
Esq., F.S.A. Ro>-al 4to, 72 Plates, cloth, 2^ 2«. The Plates coloured, 4/. la. Splesdidly 
illuminated, uniform with tbe Uresses, 12/. 12*. itU 

STUBBS" ANATOMY OF THE HOR$E. 24 fine large Copper-plate Engravings. lape- 
rial folio (i>uh. at 41. 4«.}, boards, leather back, IL 1 U. 6d, 

The original edition of this fine old woik, which is indispensable to artbts. It has lonr bed 
consideicd rare. 

TATTERSALLS SPORTING ARCHITECTURE, comprising the Srud Farm, tbe Stall, 
the btabie. the Kennel, Race Studs, kc. with 43 beautiful steel and wood iliustratu>i.s. sevrrai 
after Hanlock, cloth gilt (pub. at 1/. 1 U. W.), I/. U, iSM 

TAYLORS HISTORY OF THE FINE ARTS IN GREAT BRITAIN. » vols. Pi»« 
«»o. Woodcuts (pub. at W. l».), cloth, 7«. Crf. • -■ * tw»^ j^ 

" The best view of the sute of modern art."— United State$* Gazette. 

TOD'S ANNALS AND ANTIQUITIES OF RAJASTHAN: OR. thk pkntral 
AND WESTERN RAJ FOOT h?ATES OF INDIA. COM l!lO^^^^ CALLED rSpOOT- 
^r.. '* ^^ Lieut. Colonel J. Tod, imperial 4to, embellished with above 2» extremely bsaoti- 
M line Eagravlnis by Fiaosg, aad capital laige fblding map (4i. 14s. UU), •laS^»^ U» 



PUBLISHED OR SOLD BT H. O. pOHN. 



TURNER AND GIRTIN'S RIVER SCENERY; tolio, 20 beantifal encnTings on iteel, 
after the drawings of J. M. W. Turvbh, brilliant Imprataioni, is a porUoUu, vith morocca 
back (pub. at H. 5«.), reduced to IL lit. Gd. 

■ ■ I the same, with thick glazed paper between the plates, half bound morocco, gilt 

edges (pub. at ^.6:), reduced to 2/. 2a. 

WALKER'S ANALYSIS OF BEAUTY IN WOMAN. Prmeeded bj a eritlcal View oftbe 
general HrpnUiescs reMpecting Beauty, by Lbonardo da Vikci, Mbvos, Wimckelmank, 
llCME, lIouARTH, Burke, Kniuiit, Alisok, and others. New Edition, royal 8vo, illus- 
trated by 22 beautiful Plates, after drawings firom Uiii, by H. Howard, by Oauci and Lanr 
(pub. at 2/. 2«. ), gilt cloth, 1/. 1«. 184f 

WALPOLES (HORACE) ANECDOTES OF PAINTING IN ENGLAND, with aom« 
Account of the Principal Artists, and Catalogue of Engraven, who have been bom or resided 
in Englanii, with Nutes by Dallaway; New Edition, Revised and Enlarged, by Ralph 
'WoRNUu, Esq., complete in 3 vols. 8vo, with niunerous beautiftil portraits and plates, 2/. U. 

WATTS'S PSALMS AND HYMNS, Ili vstrated EniTioN, complete, with indexes of 
•• Subjects," " First Lines/' and a Table of Scriptures, 8vo, printed in a very large and beauti- 
ful tyi>e, /embellished with 24 beautiful Wood Crts by Nartln, Webtall, and others (pub. at 
IL UX gilt cloth, 7t. 6d. 

WHISTONS JOSEPHUS, ILLUSTRATED EDITION, complete: containing both the 
Antiquities and the Wars of the Jews. 2 vols. 8ve, handsomely printed, embellished with &2 
beautiful Wood Engravings, by various Artists (pub. at I/. 4«.), cloth bds., elegantly gilt, 14«. 

WHITTOCK'S DECORATIVE PAINTER'S AND GLAZIERS GUIDE, conuining the 
roost appri>ved methods of imitating every kind of fancy Wood and Marble, in Oil or Distemper 
Colour, Dcbitrns for Pejorating Apartments, and the Art of Staining and Painting on Glass, 
&c., with Examples frini Ancient Windows, with the Supplement, 4to, illustrated with 104 
plates, of which 44 are coloured, (pub. at 2/. U».) cloth, 1/. 10«. 

WHITTOCK'S MINIATURE PAINTER'S MANUAL. Foolscap 8vo., 7 coloured pUtea, 
aud nuniernus woodcuts (pub. at 5«.) cloth, 34. 

WIGHTWICK'S PALACE OF ARCHITECTURE, a Romance of Art and Hlstorr. Impe- 
rial 8vo, with 'ill Illustrations, Steel Plates, and Woodcuts (pub. at 2^. 12«. 6</.), cloth, lU It. 

1840 

WILD'S ARCHITECTURAL GRANDEUR of Belgium, Germany, and France, U fine 
Plates by Lb Keux, &c. Imperial 4to (pub. at 1/. 18«.), half morocco, U. U. 1S37 

WILD'S FOREIGN CATHEDRALS, 12 Plates, coloured and mounted like Drawings, In a 
liandsome jiortAilio (pub. at 13/. 12«.), imperial folio, 5/. 5«. 

WILLIAMS' VIEWS IN GREECE, 64beautlftil Line Engravings by Milt.br, Horsborgk, 
and others. 2 vols. Imperial 8vo (pub. at 61. 6«.), half bound mor. extra, gilt edges, it. 12fl. 6d. 

WINDSOR CASTLE AND ITS ENVIRONS, INCLUDING ETON, ^7 J-R^tc" 
Rbitcuik, new edition, edited by B. Jessk, E»«., Illustrated with upwards of 50 beautinil 
Engravings on Steel and Wood, royal 8vo., gilt cloth, 15* 

WOOD'S ARCHITECTURAL ANTIQUITIES AND RUINS OF PALMYRA AND 
BALBKC. 2 vols, in I, imperial folio, containing 110 fine Copper-plate Engravings, soma 
very large and folding (pub. at 71. 7«. ), half morocco, uncut. Si. 13«. 6d. 1827 



iSatttral l^istorg, agticulture, %ct. 

ANDREWS' FIGURES OF HEATHS, with Sdentlfle Descriptions. 6 vols, royal «v«, 
wHb 300 beautifully coloured Plates (pub. at XH.U cloth, gilt, 7^ 10«. Iff4« 

BARTON AND CASTLE'S BRITISH FLORA MEDICA; OR, HISTORY OP THB 
MEDICI NAL PLANTS OF GREAT BRITAIN. 2 vols. 8vo, illustrated by upwards of 200 
Colo-ired Figures of Plants ( pub. at 3(. 3«. ), cloth, 1/. 16*. 184$ 

BAUER AND HOOKER'S ILLUSTRATIONS OF THE GENERA OF FERNS, 

in which the characters of eacl. Ocnus are displayed In the most elaborate manner. In a series 
of magnlHed DUsections and Figures, highly nnished In Colours. Imp. 8vo, Plates, 6/. 183H-42 

BEECHEY.- BOTANY OF CAPTAIN BEECHEYS VOYAGE, comp i ing an 
Account of the Plants collected by Messrs. Lay and Collie, and other Officers of the 
Expedition, diu-ing tlie Voyage to the Paclflc and Behrlng's Straits. By Sir Wii.liax 
Jackson Hookf.r, and G. A. W. Armott, Esq.. illustrated by 100 Plates, beantKuIly sn- 
ffraved, complete in 10 parU, 4to (pub. at 7/. lOf.), it. IUIhII 

BEECHEY.— ZOOLOGY OF CAPTAIN BEECHEY'S VOYAGE, compiled from the 
Collections and Notes of CapUin Bebciikt and the ScientiOc Gentlemen who acrompanied 
the Expedition. The Mammalia, by Dr. Richari»soh j Ornithology, by N. A. Vigors, Esq., 
Fishes, by G. T. Lat, Esq., and K. T. Bensbtt, Eh«.; Crustacea, by Hiciiard Owrx; 
Er«4.; Reptiles, bv Joht Edward Gray, Exq.: Sh*lls, by W. Sowbrbt, Ekw.; and Geoiogj, 
Vy the Rev. Dr. Bucklakd. 4tc, illustrated hj 47 Plates, containing nany hondred Flgtirei, 
bewitif ullj caVurea by Bowbrby ( pub. at M. is. ). doth, iLli$.td, - *■ im 



10 CATALOGUE OF BBW BOOKS 



QOLTON-8 NATURAL HISTORY OF BRITISH SONG BIRDS, mwtm^ vM 
Hcum, tk« tiw of Life, of Um Birds, both Male ud Fanwto, Ib tti«ir m<Mt Nalonl AtttadM; 
tkeir Netta ami Rm, Pood, Favourite Plants, Siiniha, Tnos, ftc. ftc New Edhkw, wfitU 
tmd very eoiuidermblv auRinented. 2 vols, in I, medkuaa 4to, eontainlBg W beaotiAillj e^ooni 
platea (pnh. at 1. U,U half ImkumI morocco, irilt b«:ka, gitt cdgM, SL fa. Htf 

BRITISH FLORIST, OR LAOrS JOURNAL OF HORTICULTURE. Sv^tM.!! 
olo u rod platoa of Aowera mad froupa (pub. at iU lOa.), doch, 11.14^ IMI 

BROWN'S ILLUSTRATIONS OF THE LAND AND FRESH WATER SHELLS 
OF GREAT BRITAIH AND IRELAND; witb Pifrnres, Deaeriptiooa, aad Localitias of aB 
tiM Specie*. Roval 8vo, containing on 27 lance Plates, 330 FlgvrM of all the known Britiik 
SpMica, In their IMI siie, accnratoly drawn horn Natora (pnh. at U«.), clotii, Ite. W. Utf 

CURTIS S FLORA LONOINENSIS; Revised and Improved bj OBoaos Okatb*. ex- 
Imded and continued bj Sir W. Jacksuk Hookbk; com prising the Hiatory of Pburts iadi- 

CMiM to Great Briuin, with Indexes; the Drawinn made by Stdrkham, BnwABM, aal 
HDLBT. ft vols, royal folio (or I09 parts), contalninflr 647 PUtaa, exhibttinjr the ftiii natnal 
■Im of each Plant, with macn»ed DIsaections of the Parte of Fracttllc«tJon, ftc~ aU haaatl- 
ftdlycotnnred (pub. at triite. in parts I, hair bound naerocco, top odgn gilt, 30<. ttU 

DENNY— MONOGRAPHIA ANOPLURORUM BRITANNOE. OR BRmSH 
SPECIES OF PARASITE INSECTS (publUbed under the i>atnM|ce ^ the BrltMi Aaaack. 
tlon), tvo, numeroas beaotiAiU* eUuurea plates of Lice, e(»talaiiic aeveraJ haadnd maaMcd 
T, cloth, U 1U.6d. UW 



DON'S GENERAL SYSTEM OF GARDENING AND BOTANY. 4 ^omw, nyalita. 

BomerouB woodenta ( pub. at UL U. i, cloth, l^ lis. Cd. — — 



DON'S HORTUS CANTABRIGIENSIS; thirteenth BdMoa, tvo (palk at U. u.}, doth, t»u 

IMi 

DONOVAN S NATURAL HISTORY OF THE INSECTS OF INDIA. Knlaiiod, by 
J. O. Wbstwood, Esq., F.L.S., 4tu. with 58 uUtea, eontdnlas upvaida of U* •ualsnely 
•otonred flgurea ( pub. at 4U. fit. ) , r luth. cilt, reduced iaiLU. IM 

DONOVANS NATURAL HISTORY OF THE INSECTS OF CHINA. Ealai|ed,hy 
J. O. Wbstwoodw Esq., P.L.S.. 4to, with 50 phitea, coatainlnt wnrarda of ISO tnraiiil*?^ 
coloured fixurea (pub. at 61. 6t.). cloth, gilt, 21. te. 

** Donovan's works on the lusecu of India and China are splendidly llloatrated aid cu 
tremely useful."— A'afim/u/. 

**The entomological platea of our coontrymao Donovan, are highly colouied, ekcaa^iad 
useftil, especially those contained in his (|uarto volumes (Inaecta of India aad China), wharaa 
fieat nuroner of species are delineated for the flrst time.*' Swinson. 

DONOVAN'S WORKS ON BRITISH NATURAL HISTORY. VlB.-Taseet8, U vob, 
—Birds. 10 vols.— Shells. 6 vols.— Fishes, i vols.— Auadnipeds, 3 voia.— together 39 vols. tvo. 
eooiaining 1198 beautifully coloured plates' (pub. at 66/. 9a.), boards, 23/. 17s. The same set of 
39 vols, bound in 21 (puh. at 731. !«».), half green morocco extra, gilt edges, gilt backs, 3lC 
Any of the classes may He had separately. 

DOYLE'S CYCLOPEDIA OF PRACTICAL HUSBANDRY, and Rund Ablrt ia 
■Gener«l, New Edition, Enlarged, thick 8vo., with 70 wood eagravinga (pub. at Us.), dotk, 
t«. id. ita 

DRURY'S ILLUSTRATIONS OF FOREIGN ENTOMOLOGY; wherein are exhibited 
upwards of Cno exotic InsecU, of the Kast and West Indies, China, New Holland, North tod 
South AniericA. Germany, kc By J. O. Wkstwooi, Esq., F.L.S. Secretary of the Entomo- 
logical Society, &c. 3 vols, 4to, IM Plates, must beautifully colovred. containing above 6M 
figures of Insects (originally puh. at lot. lit.), half hound morocco, 6/. 16*. Gd. 107 

EVELYN'S SYLVA AND TERRA. A Discourse of Forest Treea, and the Propagstloa of 
Timber, a Philosophical Diacourse of the Earth: with Life of the Author, and Notes by Dr. A. 
Hunter, 2 vols, royal 4to. Fifth improved Eclition, with 46 Platea (pib. at 61. &«.), cloth, 2». 

ins 

FITZROY AND DARWIN.— ZOOLOGY OF THE VOYAGE IN THE BEAGLE 

l(i6 plates, mostly coloured, 3 vols, royal 4to. (pub. at W.), cloth, U. it, UM-41 

OREVILLE'S CRYPTOGAMIC FLORA, comprising the Principal Spedea fimad ki Or«t 
BrlUiu, inclusive of all the New Species recently discovered in Scotland. C vola. royal t««, 
360 beautifully coloured Platea ( pub. at ItU. 16*.). half morocco, SL So. UtS4 

This, tbourh a complete Work in ItseU; forms an almost IcJIapenaable Supplement to tht 
thirty.stx volumes of Sowerby's English Botany, which doea not comprehend CryptogaaMMS 
Plants. It Is one of the moat acientlflc and best executed worko ou ludiseooua Boiaay tvar 
produced in this country. 

HARDWICKE AND GRAVS INDIAN ZOOLOGY.. Twenty oarts, fomlag two vek.. 
royal folio, 202 coloured platea (pub. at 21/.), aewed, llf. 12«^ or kaJf oanrooev, gtn •k»> 
14ll4«. 

4IARRIS'S AURELIAN; OR ENGLISH MOTHS AND BUTTERFLIES; M 

Natutal History, together with the Planu on which they feed; New and crcatly hapMva 
Xdilion, by J. O. Wbstwood, Esq., F.L.S.. ftc.. In 1 vol. sm. foHp, witb 44 plates, wialriahil 
above 400 Agutes nf Moths. Butterflies, Caterpillars, ftc, and the Planu on which they hM. 
^^ oauiuialtely colouieu afler ^e original drawings, half-hound morocco, 4t. Aa. 1149 

Thia «xtram<dy haaatiful work hi the only one which conuini our F.ngliah Moftha aad BaMf 
Mooofth«Adlnat«nlda«,IaaU thair chaogea of Caterpillar, Chtyaalia, Jtc^ wM •• flM* 



PUBLI8IIED OR SOLD BT H. O. BORN. ll 

HOOKlfl AND GREV1LLE, ICONES FILICUM; OR. FIGURES OF FERNS' 

WMh nR8C'Rim()KS« maoy ofvhich havt bMn altovether anuutlrMl by Bouuiatt. or tew 

BOt been eorr«>cUy flrnrvfL t vols. A>Uo» wlUi SM bwuMftiUy ookmrMl PUtM (pub. at ISi. 4hi. 

ludf morocco, frilt edim, ISL lU. WM 

Tho viBMloat and mostvalnablo of tti« maiiy aeianHfle Worka prodacod bf Sir WUUaa Baakar. 

HOOKER'S EXOTIC FLORA, eoatainlnff Plgiirea a»l DaaerlptioM at Rare, or oOMrvia* 
to f raa t iag BsoUe Planta, especially of surb as are doienrliif ot heiair cultivated in our Oar- 
dena. S vola. bnpetlal Svo, conUlning tU large and beaatiftUly coloured Piatea <p«b. at IM.), 

«ioth«6/.ci. i83s-inr 

TUa la the moat avperb and attnettre of all Dr. Hooker's valuable worka. 

•*The * Exotic Flora,' hv Dr. Hooker, Is like that of all the Botanical pubHcathma of the faK 
dafktlgmble author, excellent; and It assames an appearance of finish and pslfectioa to 
wMeh neither the Botaokal Maitasinc nor Reglater can extmmaUy Uy cIalai.'*—Ao«ito«. 

HOOKERS JOURNAL OF BOTANY; eoattlning ngnrea and Descripdona of turh Plants 
aa reconunend tbemselres by their novelty, rarity, or history, or by the uses to which they are 
applfod in the Arts, In Medicine, and la Domestic Bconomy; together whh occasional 
Botaaieal Notices and lufonnatlon, and occaxinnal Portrahs and Memoirs of eminent 
Botaalsts. 4 vols, tvo, aumeroas plates, some roloared <pab. at 34.), cloth, 1/. 1834-41 

HOOKER'S BOTANICAL MISCELLANY; conulnlnitPlinires and Dewrlptiona of Plants 
which recommend ibemseives by their novelty, rarity, or history, or by tlie utes to which they 
are applied In the Artsu in Medicine, and in Domestic Economy, tOKethcr with occasional 



Botanical Notices and Inlbrmatlon, inclvdin|t many valuable Conuannication* from distln- 

«aished 8clentiflc Travellers. Complete in S thick vols, royal Svo, with tiS plates, many flnely 

l(pub.at»<.5«.),giltclotb,t<.12fcM. It3a4i 

HOOKER'S FLORA BOREAU-AMERICANA; OR, THE BOTANY OP BRITISH 
NORTH AMERICA. Illustrated by 24e plates, complete la Twelve Parte, rewal tto, (nuh. 
at IM. ISt.), tL Hie Twolvc Parta coaiplete, done up in 2 vola. royal 4to, extra cloth, U. 



HUISH ON BEES; THEIR NATURAL HISTORY AND GENERAL MANAGEMENT. 

Mew and frreatly bnproved Edition, containing also the latest Discoveries and Improvemaaia 
in every department of the Apiary, with a description of the most approved Hivaa now la uae, 
thick Itmo, Portrait and numerous Woodcuto (pub. at 10«. td.), ctoth, gilt, Ct. td. iSM 

JOHNSON'S GARDENER, complete In » vols, with numerous woodcuts, contaialiv tho 
PoUto, one vol.— Cucumber, one vol.— Grape Vine, two vols.— Auricula and Asparagus, oaa 
vol.— Pine Apple, two vols. — Strawberry, one vol.— Dahlia, one voi.— Peach, oae voL— Apple, 
two vols.— toicether 13 vols. 12mo, woodcuts (pub. at I/. Ite.), cloth, its. Utf 

■ either of the volumes may be bad separately (pub. at 3t. Sd.), at Is. 

JOHNSON'S DICTIONARY OF MODERN GARDENING, amnettma Woodeota, very 
thick I3mo, cloth lettered < pub. at lOi. 6rf.), 4«. A comprehensive and elegant volume. 134f 

LATHAM'S GENERAL HISTORY OF BIRDS. Being the Natural History and Deacrip. 
tloB of all tlir Birds (shove four thousand) hitherto known or desrrilted by Naturalists, m^k 
the Synonynies of precetling Writers : the second enlarged and improved Edition, compre- 
hending all the discoveries in Ornithology suliseqiient to the former puhliration, and a Qetwial 
Index, II vols, in m, 4to, with upwards of 3no coloured Piatea, lettered (pub. at 36/. 8«.), cloUL 
71. 17*. (Wtf. M'rarA^rr, 1821.28. Ttie same with tlie plates exquisitely cotoured like d^wiaga, 
II vols, in 10, elegantly half bound, green morocco, gilt edgea, 13<. 13«. 

,.EWIN'S NATURAL HISTORY OF THE BIROS OF NEW SOUTH WALES. 

Third Edition, with an Index of the Sclentiiic Names and Synonymes by Mr. Gould Md Mlw 
Btton, foliu, 27 pistes, coloured (pub. at 4/. 4«.), hL bd. morocco, 3i. 3t. liSS 

UNDLEY'S BRITISH FRUITS; OR, FIGURES AND DESCRIPTIONS OF THE MOST 
IMPORTANT VAKIET1K.S OP FRUIT CULTIVATED IN GREAT BRITAIN. S vols. 
royal Svo, confining 1^3 most heautirully coloured plates, chiefly by Mas. WiTHxaa, Arttaft 
to the Horticultural Society (pub. at VU. lOi.), half bouad, morocco extra, gilt odaea, iL fa. 
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**This is sn exquUitely heautif^l work. Everv plaU la Kka a highly flalshad a— W, 

abailar to those in the Horticultural Transactiona.** ^ 

UNDLEY'S DIGITALIUM MONOGRAPHIA. FMla, n plalaa of the IteghNv (Mh. at 

4U 4». ), cloth. W. I U. 6d. 
. the same, the plates beautifully coloured (pub. at «. is.), cloth, 31. ISi. M. 



LOUDONS (MRS.) ENTERTAINING NATURALIST, being Poputar 

Tales, Slid Anecdotes of more than Five Hundred Anlnisls, citmprehending sll the QnadmpeM^ 
Birda, Fishes, Ueptiles, liisecu, he. of which a knowledge is indispensable in pwlite edao^ 
tlon. With Indexes uf Scientiflc as I Popular Names, an Exularatinn ol Terms, and aa Af^ 
wendix of Fahiihuis Animals, illustrated by upwards of MMi beautiful woutlcuin by Bawics, 
IIabvby, WiiiMPKa, and others. New Kdition, revised, enlarged, ami corrected to Ik* 
prooent sute of Zoologies I Knowledge. In one thick vol. post Svo. gilt cloth, 7«. td. Mlt 

LOUDON'S (J. C.) ARBORETUM ET FRUT1CETUM BRITANNICUM. or tta 
TVees and Shrohs of Britain, Native and Foreign, delineated and described i with their prapa 
gattoa. culture. aMnaaement, and uses. Scroad Improved Edition, 3 vols, svo, with ah oea 
4m piatea of treea, aad apwaida of «M> assiaass of traea aad ahraba (pah, at lai.), u, 3a. MM- 
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MANTELL'S (DR.) NEW GEOLOGICAL WOKK. THE MEDAI^ OF CRKATIOW 
or first Lcssoaa In Geology, and in the Stndjr of Onaaic Remains; incluUinc Geoiofical Ex* 
cnrsiont to the Isle of ShcppeT, Brifhtnn, Leves, TUgate Forest, Chamwood Forest, FairiafT 
don, Svindon, Calne, Bath, Bristol, CiiAon, Matlork, Crich Hill, &c. Bj Gideox Algib* 
xov Mavtbll, Esq., LL.D., P.R.S^ &c. Tvo thick vols, fbolscap Sro, vith cotoond 
Kates, and scverml hundred beaotiftal woodcuts of Fo^wil Bemaiaa, cloth gOt, It, U. UM 

MANTELL'S WONDERS OF GEOLOGY, or a PanOIar Expositioa of GMlwIeai Pbe- 
ttomena. Sixth great I j enlariccd and improved EditiOB. » vols, port sto, cotonrcd Plates, aad 
up wards of sot Woodcnta, gilt cloth, 11^ IM 

MANTELLS GEOLOGICAL EXCURSION ROUND THE ISLE OF WIGHT. 

and along the adjacent Coast of Docsetshire. In I voL \ ' " — — '*'■ * '*■*- 

executed Woodcuu, and a Geological Map, clofii gilt, Ui. 

MUDIE'S NATURAL HISTORY OF BRITISH BIRDS; OR, THE FEATHBREB 

TRIBES CF THE BRITISH ISLANDS. » rolM. tfo. Mew Editioa, the Plates beanti- 

Ailljr coloured (pnb. at 1^ 9$,), cloth gilt, Mb. ISS 

'*ThU is, without anjr exception, the most truly cbanning work on OmItholofty which hti 

hitherto appeared, from the days of WI!lou|rfaliy downwards. Other authors describe, 

Mudie painU; other authors give the husii, Modie the kemeL We most heartily conrur 

with the opinion expressed of this work by Leigli Hunt (a kindred spirit) in the finrtfe* 

numbers of his right pleasant Lamdom JoumaL The de sc riptions of Bewick, Pennut, 

J^win, Montagu, and even Wilson, will not for an instant stand comparison with tin 

spirit-stirring emanations of Mudie's * living pen,' as it has been called. We are not u- 

quanted with any author who so felicitously unites beauty of s^le witS* strength and aerra 

of expression ; he does not specify, but p^nts." — Woodft Ormitkotofieal Gwuie. 

RICHARDSON S GEOLOGY FOR BEGINNERS, comprising a fbmlliar Explanstios of 
Geology and iu associate Sciences, Mineralogr, Physical Geolonr, Fossil Conchology, Fossil 
Botany, and Paleontology, including Directions for forming Collections, ftc By G. F. 
RicHAXnsoK, P.G.S. (formerly with Dr. Mantell, now of the Britiah Muaeum). Second 
Edition, considerahlv enlarged and improved. One thick *oL post tvo, lllnstrated by upasrds 
of 260 Woodcuu (pu^. at 10*. 6(1.), cloth, 7<. 6d. UM 

SELBY^ COMPLETE BRITISH ORNITHOLOGY. A most magnifleest work of tbe 
Figures of British Birds, contalniw exaict and faithftil representattons in their tnVL natural sin, 
of all the known species found in Great Briuin, 383 Figures in 228 beantiftally coloured Plates. 
3 vols, elephant folio, elegantly half bound morocco (pub. at lOM.), gilt ba^ and gilt edges, 
Z\L lo>. M34 

"The grandest woik on Ornithology published to this country, the samo for Biftish Birds 
that Audubon's is tot the birds of America. Every figure, excenang to a very few instances of 
extremely large birds. Is of the full natural sise, beautifully and accurately drawn, with all the 
spirit of life."— Onufio/o9Uf'« Tett Book. 

" What a treasure, during a rainy forenoon in the country. Is such a gloriously ilhBninate4 
work as this n( Mr. Selbyl It is, without doubt, the most splendid of the kind ever pobti(he4 
in Britain, and will st»nd*a comparison, without any eclipse of its lustre, with the most nufiii* 
ficent ornithological illustrations of the French school. Mr. Selby has long and deservedlj 
ranked high as a scientific naturalist." — Blackwood' » Magazine. 

SELBrS ILLUSTRATIONS OF BRITISH ORNITHOLOGY, s Tola. svo. Seceed 
Edition (pub. at 1^ Is.), boards, I3«. IttS 

SIBTHORP'S FLORA GR^CA. The most costly and magnificent Botanical work ever snl»- 
lished. 10 vols, folio, with 1000 beautifolly coloured Pistes, half Iraund morocco, publishii* 
by siihscription, and tlie number strictly limited to those subscribed for (pub. at 2i2/.), 63/. 

Separate Prospectuses of this work are noTc ready for delivery. Only forty copies of tbs 
original stock exist. No greater number of sutMcribers' names can therefore be received. 

SIBTHORP'S FLOR^ GR^C^ PRODROMUS. Sive Flantanim omnium Enoroerstio, 
quas in I'rovinciis aut Insulis Oracix invenit Joii. Sibthoxp: Characteres et Srnonrmt 
omnium cuui AnnoUUonibus J AC. Edt. Smith. Four parta, in 2 thick vola, 8to (pub.st 
2/. 2«.), 14«. JLoxdtai, 1816 

SOWERBY'S MANUAL OF CONCHOLOGY. Containing a complete Introduction to the 
Science, illustrated by upwards of 650 Figures of Shells, etched on copper-plates, io whicti the 
most characteristic CKamples are given of all the Genera estshIis^eJ up to the present time. 
arranged in Lamarckian Order, accompanied bv copious Explanations; Observations respect- 
ing tlie Geographical or Geoioicical distribution of each ; Tabular Views of the Systems <-( 
Lamarck and De R!ainville; a Glossary of Technical Terms, he. New Eaition, coii-MderahlT 
enlarged and improved, with nnmerona WoodcoU in the text, now first added, gvo, cloth, Ift*- 
The plates coloured, cloth, \U I6<. 1Mb 

SOWERBYS CONCHOLOGICAL ILLUSTRATIONS; OR, COTotttibd FlGURB-s 
OF ALT. THE HITHERTO UNl^IGURED SHELLS, complete In aoo 3acll8, Svo, compris- 
ing several thousand Flgurea, In parts, all bcautiftilly coloured (pub. at IS/.), tl, los. W* 

SPRYS BRITISH COLEOPTERA DELINEATED; contafning Figures nnu Description, 
of all the Genera ol British Beetles, edited by Shi'ckard, 8vo, with 94 plates, comprising 68« 
figures of Beetles, beautifully and most accurately drawn (pub. at il. 'u. ), cloth, I/. U. ISM 
** The most perfect work ret published in this department of British Entomology." 

STEPHENS' BRITISH ENTOMOLOGY, 12 voU. Svo', loo coloured FUtM (pub. at Ui.). 
hairhound. •/. t- - 



\n sepaiateiy, LxnDOPTXxa, 4 vola. AL U. Colxoptkra, S vols. U, da. DmBMATOMU 
OxTHor., NxoBov . ke 1 1 tvi U u HTiiBKotTs&A, 2 vola. iL tu 
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SWAINSON'S EXOTIC CONCHOLOGY: OIL FIOUSES AND DESCRIPTIONS OV 

. RAKE, BEAUTIFUL, OH UNDESCRlH ED SHELLS. Royal 4to, conttfaanif 94 large ud 

beautifully coloured figures of Shells, half bound nor. |{Ut edges (pub. at iL it), 2f. lit. 6d. 

- SWAINSON'S ZOOLOGICAL ILLUSTRATIONS J OR. ORIGINAL FIGURES AND 

DESCUIPT10N8 UP NEW, RARE, OR INTERESTING ANIMALS, selected chiefly 
from the C1mr*s of Ornltbolofry, Entomology, and Conchology. 6 vols, royal Svu, containing 
Si« liuely coloured plates I pub. at 16^. I6t. ), half boand morocco, gilt edges, tW. lit. 

- SWEETS FLORA AUSTRALASICA; or. a SELECTION OF HANDSOME OR 

CURIOUS PLANTS, NatlTes of New Holland and the South Sea Islands. 15 Nos. forming 
1 vol. royal 8to, complete, with M beautifully coloured plates (pub. at S^ !»«.), cloth, 1/. 16«. 

183t7-M 

SWEETS CISTINE^; OR, NATURAL ORDER OF CISTUS, OR ROCK ROSE. 30 
Nu«. furmiug 1 vol. royal Sto, complete, with lU beautihillT coloured plates (i<ub. at &L 5<.), 
cloth, 21. 12<. Qd. IHM 

** One of the meet intereetliig^ and hitherto the scarcest of lfr« Sweet's beautilul pabilcations." 



illtsallancous ^nglisl) Hturamre, 



INCLUUIXO 



HISTORY, BIOGRAPHY, VOYAGES AND TRAVELS, POETRY AND THE 
DRAMA, MORALS, AND MISCELLANIES. 



BACON'S WORKS, both English and Latin. With an Introductory Essay, and eoplona 
Indexes. Complete in 2 large vols, imperial Sto, Portrait (pcb. at 2/. 2«.), cloth, 1^. 10*. IBM 

BACON'S ESSAYS AND ADVANCEMENT OF LEARNING, with Memoir and Note* 
by Dr. Taylor, square 12mo, with 34 Woodcuu (pub. at 4«.), ornamental wrapper, 2«. W. 

BANCROFT'S HISTORY OF THE UNITED STATES, from the Dlscoverr of tho 
Amerirau Continent. Twelfth Edition, 3 vols, 8vo (published at iL lOt.), cloth, U. 11*. fid. 

isir 

BATTLES OF THE BRITISH NAVY, from a.s. looo to 1840. By Joseph Allxk, of 

Oieenwich Hospital. 2 thick elegantly printed vols, fodlscap 8vo, illustrated by 24 Portraita 
af British Admirals, heauUftilly engraved on Steel, and numerous 'Woodcuu of Battles (pub. 
at 1/. U.), cloth gilt, 14<. 1849 

** These volumes are invaluable; they contain the very pith and narrow of our best Naval 
Histories and Chronicles."— Sun. 

**The hest and most complete repository of the triumphs of the British Navy which baa yet 
Issued from the press."— (/ni/ed Senrict Gazette. 

BORDERER'S, THE TABLE BOOK, or Gatherings of the Local History and Romance of 

the KiiKil»h and Scottinh hordtors, by M. A. RicHaRDsov (of Nutcastle), 8 vols. lH)undia4, 

royal 8vo, iUustrateO with nearly 1000 interesting Woodcuu, extra cloth (pub. at 3^ 10*.), 

U. 11*. h'eweottUt IMt 

*«.* One of the cheapest and most attractive sets of books imaginable. 

BOSWELL'S LIFE OF DR. JOHNSON; BY THE RIGHT HON. J. C. CROKER, 

Incorporating his Tour to the lici^rides, and accompanied by the Commentaries of all pre-, 
cedini; Editors: with numerous additional Notes and lllostratfve Anecdotes; to which arc 
added Two Supplementary Volumes of Anecdotes bv Hawkiks, Piuzzi, MuapuT, TYXas,' 
Rkykoldk, Stkevkns, and others, lo vols. I2m«, illustrated bv upwardi of M Views. Por- 
traiu, and Slitrcta of A utngraphs, finely engra%ed on Steel, from Drawings by Slanfleld, Hard- 
iuK, &c., cloth, reduced to W. lu<. 184t 

litis new, improved, and greatly enlarged edition, beantiftilly printed in the popalar form ot 
Sir Walter Scott, and Ityron's WorkH, is just such an edition as l)r. Johnson himself loved and 
recunuiiended. In one of thf Ana recorded in the supplementary volumes of the present edi- 
tion, he krvh: ** Hooks that you way carry to the fire, and hold readily in your hand, are tha 
most useru'l after all. Such books form the mass of general and easy reading." 

BOURRIENNES MEMOIRS OF NAPOLEON, one stout, closely, but elegantly printed 

vol., foulsrap l2niu, with fine equestrian Portrait of Napoiaon and Frontiapiece (pub. atte.), 

• clotli, 3m. 6d. 1814 

BRITISH ESSAYISTS, via., SpecUtor, Tatler, Guardiui, Kambler, Adventwer. Idler, and 
Connoiseur, 3 thick vols. 8vo, portraiu (pub. at 21. it.), cloth, U. 7«. Sitbar voluma may b* 
had separate. 

BRITISH POETS, CABINET EDITION, containing the comnleU works ertbe piladMl 

Jiaglish poets, from Milton to Kirke White. 4 vols, post Syo (siaa of Staadild Uhmy) 
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WrOUGHAM-S HJORD) POUTICALPHUjOSOPHY^MiBMir^aito ll M i l ff ii jg i 
tfM,SvHs.S«»(pah.atM.IU.<<^).ci«lh,li.l«. 11114 

<i Bftttok CoMtltHtioB I a portton af Uw p r« i « iK i «Mfcl, •«•. aMk, S*. 

BROUGHAMS * LORD) HISTORICAL SKETCHES OF STATgMCN. -i«»» 
PaMIe Ck«rart«n ef Mm tin* of O«om» III. Tal. IIL royal tvtt, witk M Im pMlirito 
fpi*.atlt.l<.),elech.l9ikM. IM 

BROUGHAM'S (LORD) LIVES OF MEN OF LETTERS AND SCIENCE. Wto 

floarisbml la tka Uae of Owrs* III, royal •ro.witk M •■• portiaiu (p«h.at U. U.), aialk, tth 

• '^<».tk«MMM.alMi«MktlMFerinlti,4«Bjrro(p«k.atU.I«uUcialk,MfcM: Ml 

BROWNES (SIR THOMAS) WORKS, COMPLETE. laehMUat bia Valvar mmn.^ 
Eeliino MrdkU Ura Burial, CbrtMUa Morala, Correapoadeaoe, Jaoraala, aad Traeca, BMijrf 
flMBi hhbmo unpahliabed. Tha whola collected aai odilad by Smoa Wiucix, WJJL 4 
vols. tve. tiM Portrait (pob. at Sf. ti.), cloth, XL lla. M. ivlii-iaf, UK 

•*9lr Thoouw Browne, the oonteni|Kir«ry of Jeioaiy Turtor, Haako, B aee a , Hiiiiha, mi 
Kobm Burton, Is andoubte^ly one of tte most eloquent ami poetical e' that irraat IHaraty Ml 
His thouehu are often truly sabttme, ana always coavayed la the moat tmprMaiea Isagnita *' 



1 
BUCKINGHAM'S AMERICA; HISTORICAU STATISTICAL, AND DESCRIPTIVE, 

vis.: Northrrn States, 3 vols.: Eastern and Western SUtes, S vols.: Southern or Slave 8tal% 
2 vols.; Canada, Nova Scotia, New Bntnswick, aad the other Brlliah Provincca la KecA 
Amerira, I vol. Togather t stout vols, tvo, auaieroas tu» BagiaviaKa (pub. at «. ISs. M.), 
cloth, S/. lit. 6d. IMl-a 

"Mr. Burktmrham ipoes deliberately throtiirh the States, treating of all, hiatorically aad ila. 
tistically— of tbrir rise and proftress, iheir manalhctures, trade, popalaUoa, topo^taahy, kr- 
tiUty, resourrvs, morals, manners, educatieB, and so forth. iNt aetaaue wilt kej^mdm it09' 
kftmM* of tnotnied9e.**^^lkgiunam. 



** A very entire and oomprehensiva view of the United Statea, diflgently collected by a ■•» 
of great acuteness and observation."— £4l«rBr> 6a<e<l«. 

BURKE'S (EDMUND) WORKS with a Bioaraphleal aad Critleal Introdaetion by iMoa.' 
S vols. Imperial svo, doeely but handsomely priatcd (piih. at »L It.), cloth, 14 los. Ml 

BURKES ENCYCLOP/EDIA OF HERALDRY; OR, GENERAL ARMOURY 

OF ENGLAND, SCOTLAND. AND IRELAND. Comprising a Bcgiatry of all A n mrit A 
Bearings, Crests, and M«moes, frirm the Earliest Period to the Preaent Ttaia, Inciaiiag As 
late Orante by the College of Aram. With aa Introdoetlon to Heraldry, and a IHrtioaaiT «f 
Terms. Third Edition, with a Supplement. One very large voL imperial Svo, heaatHailf • 
printed in small type, in double columns, by WHimaeHAai, embellieliod with aa ilaliWHt 
Vvoatiapiece, tiicMy illuminated la gold and eoioaia: also Woodcuta (pub. at tL Si.),ele(k{ 
fUt, li, M. UM- 

The most elaborate and useful Work of the kind ever published. It eontelns opwafdief 
S0,0oo smioiisi tiearinirs, and incorporates all tliat have hitherto been given bjr GoUlim, Bd- 
■londson, CulSins, Nisliet, Berry, Rolaon, and others; besides amny thousand names which 
have never appeared in any previous Work. This volume, ia fact. In a soiiail oompasa, hat 
without ahriilfnncnt, contsins more than four ordinary quartos. 

BURNS' WORKS, WITH LIFE BY ALLAN CUNNINGHAM, AND NOTES By/ 

SIR WALTKK SCOTT, CAMPBELL, WURDSWURTII, LOCKHART, Itc Boyal Svo, 
' B Portrait and Plates (pub. at 18*.), cloth, oalform with Byron, lot. 6d. 



This is positively the only complete edition of Burns, in a single volume, Bvo. Itc 

not only ever>' scrap vhich Burns ever wrote, whether prose or verae, but also a considerahle 
number uf Scotch national airs, collected and illustrated by him (not gives elsewhere) aad AiU 
and interest infr accounu of tlie occasions and circumstances of his various writings. Ths 
very complete and interesting Life by Allsn Cunningham aloue occupies 164 pages, aad tlM 
Indices ami Glossary are very copious. The whole forms a thick eleaantly printed volame. 



extendhiir in all to MS pages. The other editions, including one published in similar sbaps, 
with an siiridjirnient of the Life by Allsn Cunninghsm, comprised in only 47 pagea, and the 
whole volume in only 504 pages, do not contain above two-thirds of the above. 



CAMPBELL'S LIFE AND TIMES OF PETRARCH. With Notlcea of Boccaccio aad Ui 
Illustrtouii Ciintemporaries. Second Edition. S vols. Svo, fine Portraite and Platea (puh. al 
11. 11«. 6</. ). cloth, 12s. Utt 

CARY'S EARLY FRENCH POETS, a Series of Notices and TransUtions, with aa laHe- 
dttctory sketch of the History ofPreoch Poetry; Edited by his Son, the Kev. llaxKT C^aT. 
foolscap, Hvo. Cloth, it. Ulf 

CARYS LIVES OF ENGLISH POETS, supplementary to Dr. JoHxsos'a "Uves.- 
Bdited b> bis Son. foolscap 8vo, cloth, 7«. U4I 

CHATHAM PAPERS, heing the Correspondence of William Pitt, Earl of Chatham 
Edited by the Executon of his Son, JoLn Earl of Chatham, and published from the c^-*— 
Manuscripte ia their possession. 4 vols. 8vo (pub. at 3^ 124.), cloth, 1^ i$. 

Murrmt^ IH 
'^A production of greater historical interest could hardly be Imagined. It ia a siaai 
work, which will directly pass into every library. "—/.i/rrar^ Gasetle. 

*"]liere is hsrdly any man in modern times who fills so lanre a space in our history, m 
whom »e know so little, as Lord Chatham ; he was the greatest Sutesmaa aad Otater t 
fUs country e««r |go4BO«d. Wa refard thia Work, theiefore, aa one of tbo | 
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CHATTERTON'S WORKS* both ProM and Poetical, InehidiBff hit LMton; with NotleM 
•f kit Lir«. History of the llnwiey Controversy, and Notes Cntwsi auu Explanatory. 3 vol's 
POM Bvu, eletraiitly prlsted, with Engraved Fac-similes of CluitUrton's Haudwritin^ and th* 
Itowley Mas. (pub. as 15s.), cloth, 9$. Lart* Paper, t vols, erowo 8vo (pah. at U. U.), cloth, 
Uk IMS 

** Wartoo, Malone, Croft, Dr. Knox, Dr. Shervin, and other*, tai proee; and Icott, Wonls- 
«»rth, Kirkp White, Montiromery. Shelley, Coleridfe, and Keata, tai vetae: have conferred 
liatiBC Inimertallty upon the Poems uf Chatterton." 

**Chatterton*s was a geniiis I 'e that of Homer wd Bhakspewe, wkM appaais aot abor* 
MWe In many eeaturiea.^'— » wviimiw Knag. 

^SRF'?JJ??-.lli^/^ TRAVELS IN VARIOUS ^COUNTRIES OF EUROPE, 
▲UA, AND AFRICA, U vols. tvo. maps and plates (pub. at UM.), cloth. U, U. IKU-si 

CLASSIC TALES, Cabinet Edition, comprliitn« the Vicar of Wakefleld, Ellxabeth, Paul and 
Vininia, Oulliver't Travels, Sterne's Sentimental Journey, Sorrows of WerUr, Tbeodoslus 
•MlCoBittantia, Castle of Otranto, aad Rassofau, complete In I voL ISmo.: 7 medallion nor- 
tnils (pub. at I0«. M. ), cloth, 3*. <dL 

OOUMAN'S (GEORGE) POETICAL WORKS, containing hia Bro«l Orins. Vagaries, and 
Seeeati'lcttlea, 94bo, woodcuu (pub. at 2«. id.), eioth, U. M. i84o 

COOPER'S (J. F.) HISTORY OF THE NAVY OF THE UNITED STATES OF 

AMERICA ' ■ ~ • - 

cloth, iss. 



AMERICA, from the Sarliaat Perfata to the Peace of 181ft, t voU, Svo (puh. at IL 10s.), ilit 



COPLErs (FORMERLY MRS. HEWLETT) HISTORY OF SLAVERY AND ITS 
ABOLITION. Second Edition, with an Appendix, thick lawli tve, fine Portrait of 
Clarksuu ( pub. at (te. ), cloth, 4$. Cd. Mi 

QOSTELLO'S SPECIMENS OF THE EARLY FRENCH POETRY, fh>m the tfcnw of 
ttte Tmubadours to the Reign of Henry IV, post Svo, with 4 Plates, splendidly Ulutlnated In 
feM and colours, cloth gilt, 18a. 183f 

OOWPER'S COMPLETE WORKS. EDITED BY SOUTHEY; emnprlslng hia Poems, 
Correspondence, and Translations; with a Life of the Author. Ift trols. post Svo, embellished 
with numereus enqulalte Enfravlaffs, after the designs of ILtAVMr (pab. ats<. ift«.>,cie^ 

This Is the only complete edition of Covper's Works, prose aad poetical, vhleh has ever 
been given to the world. Many of them are still exclusively copyright, ami coaaequnatlf 
nannot appear in any otlmr edition. 

CRAWFURD'S (J.) EMBASSY TO SIAM AND COCHIN-CKINA. l wis. m 

llapB, and » Plates ( pub. at IL lit. 6d. ), cl'.^L, lU. UH 

CRAWFURD'S EMBASSY TO AVA, with an Appendix on Fossil Remains by Itateaor 
BvcKi.Aiii>. 2 voU. Svo, with 13 Maps, Plates, and Vignettes (pub. at ti. lU. td.), • ktti^ 

CmilKSHANKS THREE COURSES AND A DLSSERT. A Series of Tales, In Thren 
SeU, vix., Irish, Legal, and Mbrellaneous. Crown svo. with ft! extremely clever and oomle 
lUostrations (publishing in the Illustrated Library at &t.) 

**This la an extraordinary performance. Such an union of the painter, the poet, and the 
■ovelist, in one person, is unexampled. A tithe of the talent that goes to making the storlan 
weuld set up a duscii of annual wnten ; and a tithe uf the IttventlTe geaiba that is dteplayed la 
the Ulustratioas would finish a gallery."— ^iMWo^or. 

QAVIS'S SKETCHES OF CHINA, During an Inland Journey ef FMr Montha; wltk an 
Ancenatofthe Wsr. Two vols., poet two, with a new map of China (pub. afcl«fc),ek4k, St. 



DIBDIN'S BIBUOMANIA: OR BOOK-MADNESS. A Bibliefraphlcal Romance. Nav 
Edition, with considerable Additions, Includina a Key to the assumed Characters in the 



,ll.lls.6d. Largo Paper, 



Drama, and a Supplement. 3 vols, royal Svu, handsomely printed, embellished by i 

Woodcuts, many of which are now tvsi added (pub. at 9i. «k), chith, IL lis. 6d. Laa ^ 

imperial Svo. ef^whlch only veiy fcw copies were printed (pub. at ft^ is.), cloth, M. Us. «d. 

IS41 

This celebrated Work, which unites the entvrUinment of a ronmnce with the most vnltiablo 

Mbmation en all bibliographical sulgeets, has long been very scarce aad sold for eonsldefabi* 

*" e small paper for SLk4., and the large paper fur upwardaoffteg ' 



OlBDfirS (CHARLES) SONQS, Admiralty edition, complete, with a Memoir by T. 
Dutbiv, illustratttd wHh 12 Characteristic Sketches, engraved on Stnel by Osonan CnviK* 
■HAMK, l2nio. cloth letured, ft*. 



■*isig; 



lESTIC COOKERY, by a Lady (Mrs. Rovobli.) New EdHton, with a 
'its, by Mrs. Birch, lihno., with 9 plates (pub. at 6i.) cloth, 3«. 



BAAKE'S SHAKSPEARE AND HIS TIMES, including the Biography of the Poet, 
CriticisniM on hU Genius aad Writings, a bew Chronology- of Lis Plays, and a History of the 
Manners. Custanui, and Amusements, Superstitionn, i*uetry. and Literature of tlie Klisebethaa 
~ IS), with fine Portrait and a Plate of Auu«niphs (pjb. aS 



Bra. 3 vuls. 4to i above 14M pages), 
•L St.), cloth. W. U. 



CATALOGTTB OF NEW BOOKS 



ENGUSH CAUSES OELEBRES, OR, REMAJIKABLB TRIALS. Sipun Umo, (p^ 

at 4«. ), oniamenUl vrapper, 2t. 1M4 

FENN S P ASTON LETTERS, Ortvfaial Letters of the Partoa Vtanily, wrftten diirli« tfa* 
Rrifms of Henry VI, Edward iV, and Richard III, by Tarioas Persons of Rank nod Coms- 
«iivnce, chiefly on IlUtorical Sahjecta. New Edition, with Notes and Correctiona, compIetSi 
2 ToU. bound in 1, sr|uare 12mo (pub. at lo*.), dotb gilt, 6*. Ouaintly boond is mafooa 
■lorncco. carved boards, in the early style, ^tt edges, I5«. IMff 

rhe original edition of this Ter>- curious and Interesting series of historical Letters Is a rare 
book, and sells for upwards of tea guineas. The present is not an abridfrment, as might be 
supposed from lu form, but gives the whole matter by omitting the dunllcate Terslonoftbe 
letters written in an obsolete language, and adopting only the more modem, readable Tcrsioa 
published by Fenn. 

** llie PastoD Letters are an important testimony to the progressire condition of society, and 
come in as a precious link in the chain of the moral history of England, wliich they alone In 
this period supply. They stand indeed singly in Europe."— ffaUasi. 

nELOING'S WORKS, EDITED BY ROSCOE, COMPLETE IN ONE VOLUME. 

ITom Jones, Amelia, Jonathan Wild, Joseph Andrewa. Plays, Essays, and Mlseellaaiss.) 
ledium 8vo, with 20 capital Plates by Cruikshakk .pub. at 1^ 4«.), cloth gilt, 14«. IStt 

**Or all tlie works of hnagination to which English genius has given orwin, the writiagsof ■ 
Henr>- Fielding are perhaps most decidedly and exclusively her own." — Sir WaUer SctdU 
**Tue prose Homer of human nature."— Aonl Bfnm, 

FOSTER'S ESSAYS ON DECISION OF CHARACTER ; on a Man's Writing Memoirs 

of Himself; on the epithet Romantic: on the Aversion of Men of Taste to Evangelical Reli- 

gion, &c. Fcap. 8vo, Eigliteenth Edition (pub. at 6>.), cloth, St. W» 

** I have read with the greatest admiration the Essays of Mr. Foster. He Is one of the nosl ' 

profound and eloquent writers that England has produced."— 5)tr Jaws MaelatUo^, 

FOSTER'S ESSAY ON THE EVILS OF POPULAR IGNORANCE. New Edition, 

elecantiy printed, in fcap. Svo, now first uniform with bis Essays on Decision of Character, 

cloth. U. n*T 

**Mr. Poster always considered this bis l>est work, and the one by which ho wished his 

literary claims to he estimated." 

** A work which, popular and admired as It confessedly is, lias never met with the thonsaadlh 
part of the attention which it deserves."— J»r. Fye Smuth. 

FROISSARTS CHRONICLES OF ENGLAND, FRANCE, AND SPAIN, &C. New 

Edition, by Colonel Johoes, with 130 beautiful woodcuts, 3 vols, super-roral Svo. cloth 
lettered (pub. at if. 16«.),1/. 8s. 1M49 

FROISSART, ILLUMINATED ILLUSTRATIONS OF, 74 plates, printed in gold sad 

colours, 3 vols, super-royal Svo, half bound, uncut (pub. at U. 10s.), Si. lOs. 
■ the same, large paper, 3 vols, rojral 4to, half bound, uncut (pub. at 10£. tOt.), «. 6r. ' 

FROISSARTS CHRONICLES, with THE 74 ILLUMINATED ILLUSTRATIONS 
INSERTED, 3 vols, super-royal Svo, elegantly half bound red morocco, gilt edges, cmbic- ' 
natically tooled (pub. at 6^ 6«.), U. I0«. IM9 

GAZETTEER.— NEW EDINBURGH UNIVERSAL GAZETTEER. AND GEOGRA- 
PHICAL DICTIONARY, mere complete than anv hitherto published. New EdiUon, revised . 
and completed to the present time, hy John Thomson (Editor of the Umvenal Atlat, kc), 
very thick Svo (1040 pages). Maps (pub. at I8«.), cloth, 12*. 

litis comprehensive vulume is the latest, and hy far the best Universal Gazetteer of its size. 
It includes a full account of AITgrbaniciaB, New Zealand, &c. &c. 

CELLS (SIR WILLIAM) TOPOGRAPHY OF ROME AND ITS VICINITY. An 

improved Edition, complete in 1 vol. Svo, with several IMates, cloth, I2«. With a very Isnn 
Map of Rome and its Environs ( from a most careful trigronometrical survey), mounted uo cloth, 
and folded in a case so as to form a volume. Together 2 vols. Svo, cloth, 1^ U.\ iS4f ' 

"These volumes are so replete vitli whst is valuable, that were we to employ our entire 
Journal, we could, after all, afford hut a meagre indication of their interest and worth. It is, 
indeed, a last! g memorial of eminent lilerarv exertion, devoted to a suhject of great import- 
atu:e, and one dear, not only to everv scholar, but to every reader of intelligence to whom the 
truth of hiatory is an obJ<^t of consideration." 

GILLIES' (DR.) HISTORICAL COLLECTIONS, RelaUng to Remarkable Periods of the 
Success of the Gospel, including the Appendix and Supplement, with Prefaces and Con- 
tinuation by the Kev. H. Bokar, royal Svo (pud. at U«. oc/.), clothi 7<. 6d. \Mi 

GLEIG-S MEMOIRS OF WARREN HASTINGS, first Oovemor-General of BengaL S 
voU. svo, fine Portrait fpah. at 21. S». ), cloth, II. 1$. 1S41 

GOETHES FAUST, PART THE SECOND, as completed in ISSl, tranaUted into English 
Verse by Johv Macdokald Bbix, Esq. Second Edition, fcap. Svo (pub. at 6t.), cloth, SsT 

1843 
•OLDSMITH'S WORKS, w;tb a Life and Notes. 4 vols. fcsp. Svo, with engraved Titles and 
Plates by Stotuaka and Ckuikshakk. New and elegant Edition (pub. at i/.). extra 
doth, 12«. ]g4l 

"Cat. anv author— can even Sir Walter Scott, be compared with Goldamith for the variect, 
beauty, and power of hia compositions r You may take him and 'cut him out in little stars.' ao 
Bian% lights does he present to the imagination."— .^rAf^cntm. 

"The volumes of Goldsmith will ever constitute one of the most preeioiu • wells of Enirtish 
nudtfiled/ "-Quarteriv Review. ^ ~*- wi r.nB»— 

CORDONS HISTORY OF THE GREEK REVOLUTION, and of the War. and Caai. 
pai^s aruiug from the Struggles of the Greek Patriou in emancipating their country from tke 
Toraish yoke. By the late Thomas Gordon. General of a Division of the Grwk Anay. 
■ecoad BdiUon. % Tola. tT«b Maps and Plans (pub. at U. lOs. 1. doth, 10s. 6rf. Ma 
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GORTON'S BIOGRAPHICAL DICTIONARY, S thick toIi. tvo, elotli IttUrml (pnlt. «l 
It, »$.UlLlU.6d. 

GRANVILLE S (DR.) SPAS OF ENGLAND and Principal Sea Batliiog Place*, a Te!a. . 
poit 8VO, with larye Map, and npwarde of fto beautifttl Woodcuu (pab. at 1/. 13*.)t cloth, ISa. 

GRANVILLE'S (DR.) SPAS OF GERMANY, Sro, vlth S9 WoodraU and Maps (pub. at 
18«.), cloth, 9t. 184S 

HALL'S (CAPTAIN BASIL) PATCHWORK, consittinf of TraTelt, and Adrentnras la 
Svitzerland, luly, France, Sicily, Malta, &c. 3 Toli, l2mo, Second Edition, cloth, filt (pub. at 
lft«.), 7«. dd. 

HEEREN'S (PROFESSOR) HISTORICAL WORKS, tranelated from the German, riz.- 
AsiA, New Edition, complete In 2 toIs.— Africa, I vol.— Eoropb akc its Colonikx, I • 
vol.— Akc'ient Grercr, end Historical Treatises, 1 vol.— Makval op Akciekt Ulft- 
TORY, 1 vol.— tofretlier 6 vols. 8vo (formerly pab. at 7^), cloth lettered, uniform, 3^. 3«. 
*»* Kew anil Complete Editionn, with General Indexet. 

** Professor Heeren's Historical Researches stand in the very highest rank among those with 
. vhicli modem Germany has enriched the Literature of Europe."— Quar<<r/y Review. 

HEERENS HISTORICAL RESEARCHES INTO THE POLITICS, INTERCOURSE, 
AND TRADKS OP THE ANCIENT NATIONS OP AFRICA ; including Uie Carthaginians 
EthiopianK, and Egyptians. New Edition, corrected throughout, with an Index, Life of the 
Author, new Appeiulikes, and other Additions. Complete in 1 vol. gvo, cloth, 16*. 1SS» 

HEEREN'S HISTORICAL RESEARCHES INTO THE POLITICS, INTERCOURSE. 
AND TRADES OF THE ANCIENT NATIONS OF ASIA; including the Persians, Phoe- 
nicians, B:ihylonian!i, Scythianh, and Indians. New and improved Edition, complete in t 
vols. 8vn, elegantly printed (pab. originally at 21. St.), cloth, 1^ 4«. 1846 

**One of the most valuable acquisitions. made to enr l^^torical stories since the days of 
QibYHm."—Alhnnfum. 

HEEREN'S MANUAL OF THE HISTORY OF THE POLITICAL SYSTEM OF 
EUROPE ANP ITS COLONIES, from its formation at the close of the Fifteenth Centur>v 
to its re-ehtahiishment upon the Fall of Napoleon, translated from the Fifth German Edition 
Kew l£dition. complete in 1 vol. 8vo, cloth, I4«. 1848 

"The best History of Modem Europe that has yet appeared, and It Is likely long to remain 
vithout a rival."— Atherifntm, 

** A work of sterling value, which will diffuse useful knowledm for generations, after ail tlie 
shallow pretenders to that distinction are fortunately forgotten.^*— IMerery Ctuntte. 

HEEREN'S ANCIENT GREECE, translated by Bakcropt; and HISTORICAL 
TREATISES; vis:— 1. Tlie Political ConHcquences of the Reformation. II. Tlie Rise, Pro- 
gress, and Practical Influence of Political Tlieories. HI. The Rise and Growth of the Conti. 
nenul interests of Great Britain. In 1 vol. 8vo, with Index, cloth, 1S«. 1847 

HEEREN'S MANUAL OF ANCIENT HISTORY, particularly wHh regard to the Constl- 
rations, the Commerce, and the Colonies of the States of Antiquity. Third Edition, corrected^ 
and Intprnved. 8vo (pub. at I5«.), cloth, 12*. 
«»• \ew Kditiim, mlh Index. 1847 

" We never remember to have seen a Work In which so much useful knowledge wae con- 
densed into so small a compass. A carefbl examination convinces ua that this book will he 
useful for our English higher schools or colleges, and will contribute to direct attention to tba 
hetter and more instructive parts of history. The translation is executed with great fidelity." 
— Qwar/fr/y Journal of Education. 

HEEREN'S MANUAL OF ANCIENT GEOGRAPHY. For the tue of Schools and 
Private Tuition. Compiled from the Works of A. H. L. Hee&km, 13ino (pub. at 2«. CW. )» 
Clotii, 2«. Oxford, Talbo]f$t I8M 

** An excellent and most nsefUl little volume, and admirably adapted for tlie use of schools 
and private instruction."— /.tferory Gazette. 

** A valuable addition to our list of school books.*'— iltitoumm. 

JACOB'S HISTORICAL INQUIRY INTO THE PRODUCTION AND CON- 
SUMPTION OF THE PRECIOUS METALS, 2 vols. 8vo (pub. at 1/. 4«.). cloth, 16«. 1831 

JAMES'S WILLIAM THE THIRD, comprising the History of his Reign, illustrated in a 
series of uniMiblished letters, addressed to the Duke of Shrewsoury, by Jaxks Vrrnox, 
Secretary of State, with Introduction and Notes, by G. P. R. James, Esq. 3 vols. 8vo, Por- 
traits (pub. at 21. 2«.), cloth, 18«. 1841 

JAENISCH'S CHESS PRECEPTOR; anew Anab-sis of the openings of Games; translated, 
with Notes, by Walker, 8vo, cloth lettered (pub. at 15«.), 6*. fltf. 1847 

•lOHNSON'S (DR.) ENGLISH DICTIONARY, printed verbatim from the Author** )nM 
Folio Edition. With all the Examples in fuli. To which are prefixed a History of the Lan- 
guage, and an English Grammar. 1 large vol. imperial 8vo (pub. at 21. 2«.), cloth. U. 8«. 1840 

'OHNSON'S (DR.) LIFE AND WORKS, by Mvrpht. New and improved Edition, com- 
plete in 2 thick vols. 8vo, Portrait, cloth lettered (pub. at \L lis. «</.), lit. i8M 

'^^HNSONIANA; a Collection of Miscellaneous Anecdotes and Savings, gatherMt from nearly a 
haadred different Publications, and not cortained in Boswri t.'s I.ile of Johnsoii. Bdiud by 
J. W. Crokbk, M.F. thick fcap. iitro> Bum«it aiul frontispiece (pub. at 10s.), cioth, 4«. 6d. 
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JOHNSTON'S TRAVELS IN SOUTHERN ABYSSINIA* tbrMfk *• C«utiy af AdaL 

to the lUBffdoro of Shoa. 3 volt, wo, wApud pUtM (pub. at li. t«.)tClotk, 3ik«rf. WU 

KWSrS WONDERFUL MUSEUM. S voU. svo, iipvwris af loe ewinu yminlH wl 
fbitM (pub. at 4L 4«.). clatb. U. U. 

KNIGHTS JOURNEY-BOOKS OF ENGLAND. BERKSHIRE, ineliidteg a feO 

tlon of WliuUor. WItk IS Engraviags on Wood, aad a larg* Ultuainatod Map. 

to la. M, 
BAM PSHIRB, Including the Isle of Wight. With » Engnrlngs on Wood* and a laspa flhh 

Btnated Map. Reduced to U. 
DERBYSHIRE, including the Peak, &e. With S3 EagraTlngi on Wood, acd a laiga Bhari- 

nated Map. Reduced to U. 6d. *• 

KENT. With U Eugravingi on Wood, and a'large illuminated Map. Reduced to 3*. 6d. 

KNOWLES'S IMPROVED WALKER'S PRONOUNCING DICTIONARY, contaiaiBf 
above M,oOO additional Wordi; to which it added an Accentuated Vocabulary of CUueical and 
Bcriptnie Proper Nanci* itew Edition, in 1 thick handtonaa valuma, large tvo, with Portrait, 
doth lettered (pub. at'R t». ), 7«. id. U* 

LACONICS; OR, THE BEST WORDS OF THE BEST AUTHORS. Sevanth 

XdlUon. S volt. Itmo, vith elegant Frontitplocet, cootalaing 30 Portnlta (pab. ml Ma.), clolh 

g|Ut, 7«. 6d. TiU, ISM 

Tbit pleasant collection of pith j and aententlous readings, tnm tha beat EngUab antlMia el 

•U agea, has long ei\)oyed great and deaerved popularity. 

LANE'S KORAN, SELECTIONS FROM THE, with an tatorarvvaB Commeauvy. tiaat. 
lated ttom the Arabic, metfaodically arrangetl, and illustrated by Notes, Svo (pub. atlSs. W.), 
.aloch,A«. iStt 

LEAKE'S (COL) TRAVELS IN THE MOREA Svolt.Sve. with a very Urge Map of 
the Morea, and upwards of 30 various Mapa, Plans, Plates of aodaat Greek Inacriatlona. Itc 
(pub. at 3i. 5t. ) cloth, l^|f. ^USa 

LEWIS'S (MONK) LIFE AND CORRESPONDENCE, with naay Plecaa la Preaaaad 
Versa never before published. 2 vols. Svo, portrait (pub. at IL 8f.),cloto, IS*. ISW 

LiSTER-S UFE OF EDWARD FIRST EARL OF CLARENDON, wtth Oifahal 
Correspondence and Aatbentk Papers, never before published. S vola. gra. Portiail (mm. at 

«.8«.).cloth, 18f. ^ ^^M3S 

** A Work of UborloHS research, writtoa with masterly ability.**— ^ifafc 

tOCKHART'S HISTORY OF THE CONQUEST OF MEXICO AND NEW SPAIN, 
AND MEMOIRS OP THE CONCli;i8TAl>(>R, BERNAL DIAZ DEL CASTILLo! 
Written by bhnself. and now Arat eompletely tranatoted Qrom the orkriaal Suanlah. S vela. 
tvo, ( pub. at K. 4«. ), cloth, IS*. ISM 

**Bernal Diax's account bears all the marks of authentietty, and Is aeeompanied wtthnch 
pleasant nalvet£, with such interesting details, and aurh amusing vanity, and yet no paideaable 
In an old soldier, who has been, as he noaMts, in a hundred and nineteen battles, as renders his 
book one of the most singular that is to be found in any language."— />r. /toturtmn m Ail 
**BiMtotyqfAm 



LODGE'S (EDMUND) ILLUSTRATIONS OF BRITISH HISTORY, BIOGRAPHY, 

AND MANNERS, in the Ueiirns ofHenr}- Vlil., Edward VI., Mar}-, Elizahetb. and Jamas L 
Second Edition, with above 80 autuKrapba of tbe principal charactors of the period. Three 
vols. Svo (pub. at 1^ 16*. ), clutb, IL 1S3S 

MACGREGOR'S PROGRESS OF AMERICA FROM THE DISCOVERY BY 

COLUMBUS, to the year 1846, comprishig its Histor}- and Statistics, S remarkably tkkk 
▼olumea, imp. Svo, cloth lettered (puh. st 4/. I4«. 6f/.), 1^. lit. 6d. Mig 

MALCOLM'S MEMOIR OF CENTRAL INDIA. Two vols, svo, third edition, wtih laiia 
map (pub. at !/.««.), cloth. I8«. tsa 

MARTIN'S (MONTGOMERY) BRITISH COLONIAL LIBRARY; forming a popular 
and Authentic Desiription of all the Cnlnnies of the British Empire, and embracing the 
History- Physical Geopraphji^-Oeoloir)'- Climate— Animal, Veiretahle, and Mineral King- 
doms—Government—Finance—Military Defence— Commerce— Sbipninir— Monetar> Syttean- 
R<p|iKlon— Population, White and Coloured— Education and the Press- Emi ration— Social 
State. Sc, of each Settlement. Poumled -n Official and Public Docunienta. fiirniahed by 
Government, tbe Hon. East India Company, Jtc. Illustrated by original Mapa and Piatca. 
10 vols, foolscap Kvo (pub. at SI.), cloth, I/. XH*. 

llitfse lu vola. contam tbe 5 vols. 8vo, verbatim, with a few additif^s. Each voluna af iha 
above series is complete in itaeif, and aold separately, as follows, at > Sd. :— 

Vol. I.— The Canadas, Upper and Lower. 

Vol. II.— New Sooth Wales, Vav Diemkh's Lakd, Swav Ritbk, and South Avs* 

VaALIA. 

Vol. III.— The Cape op Good Hope, Maubitil'k, and Sbychbl&bs. 

Vol. IV.— Thk West Ikdiks. Vol I.— Jamaica, Honduraa, TrinwhiU, Tooago, i 
the Bahamas, and the Virgin Isles. 

Vel. v.— The West Imhes. Vol. II.— British Guiana, Barbadoes, St. Lucia. St. 
Demerara. Esscc|uiho, Berhice, Auguilla, Tortnla, St. KiU's, Barbuda, Antigua. 1 
Dominica, and Nevis. 

Vol. VI.— Nova Scotia, Kbw Bru!«swicr, Cape Bbbtox, Pbivcx El»WAap*a IsUk 
The Bkhmuoak, Nkwpouhdlaku. and Hudsuk'k Bat. 

Vol. VII.— Gibraltar, Malta, The ioMAK Iklakok, kc. 

Vol. Vlli.— The East Ixdiek. Vol. 1. containing Bengal, Ma'.ras, Boaibay. Agra. te. 

Vol. IX.-The East Inmies. Vol. II. ^. «• -, -*. 

Vol. X.— British Pcisseshions in thb )}ii>iah akd Artjunic Ocaaaa, tIb.— Cayka, 
S^nang, Malacca, Sinpapore, Sierra Leone thk Gambia, Ca,ia Caast Caatla, Aocsa. tk* Mk- 
«^d Islands, St. Ile'ena and Aa«aaAl<Mi 
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MARTIN'S (MONTGOMERY) CHINA, PolHIeid, CMinwcW. uA SmUL Tm t«t. 
tvo« i nuMMS lUtiiticiU uhlM, kc. I pub. st II. to. ), clotk, lU. lUt- 

MAXWELL'S UFE OF THE DUKE OF WELLINGTON. 1 hradamM ^haoM, 9n.. 
•Bmbentsheii with BanenmB hfariity-fiiiiih«a Ltiw-Sii|n«vinn iff Coormn. ud ether nBtaitMt 
iUrtlMs, eoMMthifr of ]l«ttl»>necM. PortnrlU, Militanr PluM tad Maps: bwtd«s • irreat 
inumber of Ane Wood Bn|rnivlnR». (Pub. at M. 7«. ), defant la gUi cIoUi, U. !«•. Laif* liapw, 
*IiuUa proob I Dvb. at M.>« cllt cloth, M. U. 1839.41. 

** Mr. MaxveH's « Ltfi oftha Duke of WaiitagtM/ tai cm o^Man^ haa bo rHal amont atanthv 
i pnblkatiom of the day. «... W« pronoonca It free flron flattary and bambaat, aoeclnat 

■aad Biasieriy Tba tjrpa and machanieal axaeution ara awaiimhie; tba plana af 

'•battlas aiHl alaiiaa naoM 

•ODtaatpnrarlti many ( 

' iett«aofeo«taK.aia 



▼ianetu 
Ttmm. 



MILL'S ELEMENTS OF POLITICAL ECONOMY, mw Bdltkn.ni«Md and eometad, 
•to ( pub. at H«. ), cloth, U. id, ItM 

MILTON'S WORKS, BOTH PROSE AND POETICAL, «lth aa latrodiietofy Barlaw, 
by FLKTCHBa, complele in I tMck vol. fanperial tve <pab. at II. 8«.), cloth letttaad, II. to. ins 
Thhi it the only complete ediUon of Miltea'a ProM Worka, at a moderate pricii 

MITFORDS HISTORY OF GREECE, BY LORD REDESDALE, the Chranoloay ear. 
roeted aiid comiiared wHh CUnttm't FkbU UtUgnUt, bv i^iBa, (CadaO'i laal aad BMch Oia beat 
Bdltion, iK38i s v»ia. Svo <pah. at 41. 4«.), gilt aloth, II. 11^ 

Tree-marbled calfextim, bv Cs.arkb, 41. 4«. 

la respect to this nev and Improved edittea, one of the aiaat anlaaat adMlan of ttia vraaaat 
Aavbaa ezpreMcl hit oninloB that **tha laeraaaad advantafea givaa to It have doubled tha 
aitelBal value of the vorK.'* 

n Rhouid be ohtcrved that tha namanraa addMona and tha aiaaadad Chronohwy, flrom that 
valuable perrormance, the PiuH HeUemki, are aul^olnad la Oa l^ipa of Nataa, ao a* aot t* 
faterfere with the Inteprity of the text. 

As there are many editiont of Mitford*a Oreaea beflsra tha poblle. It may be neceaiary t* 
•baerve that the present oeUw edition la the only one vhlch containa Mr. King's last eorraa~ 
tlons and additions (which, as sUtcd la bis advcrtiaament, are Biaterlal) ; It la at tba sama 
time the only edition which should at the present day he cboaan for tha gaatlaman'a library, 
being the handxomeit, the meat correct, and the most cnapleta. 

Lord Bvron Mys of Mitford, *• His Is the bast Modem History ef Oreaea ta any langnaga, 
aad he h perhaps the beat of all modem hiatarlaaa Irhataoavar. Hhi virtvea are learalag^ 
labour, research, and earnestness.'* 

** Considered with respect, not only to the whole scriaa of aaelent evanta which It compriiaB, 
but also to anv venr prominent portion of that series, Mr. MItford'a History la tha beat that 
"" ap|>vared since the days of Xer "■*" "~ " " '-^^ — *^ "--• — 



of Xenophon."— £<(iii6Kr|fA Arelrio. 

MONSTRELETS CHRONICLES OF ENGLAND AND FRANCE, by Cotoaal 

JoHvas, «-ith Notes, and opwards of IV *" — — *" ' — " ""*"*" "" ' ** -- •- 

royal 8VO, cimh lettered (pub. at II. lOs.), 



JoHvas, with Notes, and opwards of 100 WoodeuU (ualfona •hh Ftolsaart), t Tala.8ttpar- 
lb. at II. los.), II. 4a. 



MOORE'S (THOMAS) EPICUREAN, A TALE; AND ALCIPHRON, A POEM. 
TvRNKR'8 lliuKtrated Edition, fcap. 8vo, 4 baautlfbl Sagravlagi (pub. at 10a. M.),el«th, Sh. 
or elegantly hound in morocco, 7«. 6d. nui 

MORES UTOPIA. OR. THE HAPPY REPUBLIC, a Phfloaophlcal JUunaace; to which 
is added, THE NEW ATLANTIS, by Loau Bacok; with a Preliminary DfaKOurse, aad 
Notes, by J. A. St. John, fcap. avo (pub. at «>.), cloth, 4*. 6rf.~Wtth the Ufe of Sir Thomaa 
More, by Sib J txxs Macb ivtosh, 2 vols. fcap. tve, cloth, 9$, uu 

NELSON'S LETTERS AND DISPATCHES, by Sir Haaais Nicoia8» r tola.tvo (pah. 
atftl. lUf.),cloth,3^ lo«. IM».4t 

NIEBUHR'S HISTORY OF ROME epitomised, with Chronologleal Tsbles aad aa Ap- 
pendix, by Tra vxas Twiss, B.C.L. 2 vols. 8vo, Cloth (pub. at II. to.), IQ«. 6A 
■ the same, la calf; gilt (for school prises), I to. 

OSSIAN'S POEMS, translated b> MACPHKason. with DIssertationa concerning the Bra aa4 
PoemsoTOKsiAK; and Dr. Blaib's Critical Disserution, complete In 1 neatly priatad vol. 
ISmo, Frontispiece ( pub. at 4«. ), cloth, to. 1844 



OUSELEY'S (SIR WILLIAM) TRAVELS IN VARIOUS COUNTRIES OF THE 
EAST. MORE PARTICULARLY PERSIA; with Extractt fh>m rare and vahiabicOclailt^ 
Maaaticrlpu; and 88 Plates and Maps, S vols. 4to (pub. at 1 W.), extra cloth boarda, U. to. 

OXFORD ENGLISH PRIZE ESSAYS, new Bdltioa, broaght dowa to 18S«, s vela, cnwa 

8vo, cloth lettered (pub. at it. to.), ll. to. 

PARDOE'S (MISS) CITY OF THE MAGYAR, Or Ruaaanr aad her lastHatioBa la 1830. 

40, S vols. Kvo, with 9 Engravings (pun. at II. 1I<. (id.), gilt clutb, 10s. 6d. 1848 

PARRY'S CAMBRIAN PLUTARCH, comi>riRing Memoirs of some of the most aarineat 
Welsbnieii. trum tlie earliest times tn tlie prrhent, avn (pub. at Io«. fid.), cloth, to. I8S4 

rERCY'S RELIQUES OF ANCIENT ENGLISH POETRY, consisUng of Old Herola 
Baila<U, Si>nira, ami other Pieces of our Earlier Portii, toeether with some few of later data, 
and a •opiuKS GloHsary, complete in I vol. medium Kvo. New and elegant Rditioa, with bean- 
tifnllr emrrsvfd Title and Pmntispieee, by 8tki>h Axorr (pub. at l.i<.). cloth, irilt, 7«. 6d. IM44 
**Hiit alHive all. I then flrst became acqnainlPd with Biahop Percy's * Rtfliqnes of Anclaat 
roctrv.' Tlie tirst time, too, I could smite a few shillings toeether, I bouvht unto myaelf • 
aaay of tliete beloved volumes: nor do I i»elleve 1 ever read a book half so naqueatly, or witk 
felir the eiitliiiaissni."— Sir Wmlter Sntt. 
'* Percy*8 Reliques ara the most agrecabia aalattloa, paibapa, wUcfe aalMa ia aay liagii,* 
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CATALOGtnc OF NEW BOOKS 



POPULAR ERRORS EXPLAINED AND ILLUSTRATED. Br Jorv Timbs (Author 
of Laconics, and Editor of the "Illustrated Londoa News,") thick fcap. Sto, clOMljr bat 
•legantly printed, Frontbpieee, cloth, reduced to ia. lui 

PRIOR'S LIFE OF EDMUND BURKE, with unpublished Specimens of his Poetry sod 
Letters. Third and much improved Edition, Sro, Portrait and Autographs (pub. at 14*.;, gilt 
cloth. !>>. II3» 

" Excellent feeling, in perspicuous and forcible language."— QMrferljr Rntem 

PRIOR'S LIFE OF OLIVER GOLDSMITH, from a Tariety of Original Sources, 2 vols. Sto. 
handsomely printed ( pub. at IL IM. ), gilt cloth, 12*. 1837 

"The solid worth or this biography consista in the many striking anecdotes which Mr. Priur 
has gathered in the course of his anxious researches among Gholdsmith's surviving acqusinu 
ances, and the immediate descendants of his personal friends in London, and relatioiu in 
Ireland; above all, in the rich mass of the poet's own familiar letters, which he has bees 
enabled to bring together for the first time. No poet's letters in the world, not even those uf 
Cowper, appear to us more interesting." — Qiuirterljf Review. 

RAFFLES' HISTORY OF JAVA, AND LIFE, with an account of Bencoolen, and I>etails 
of the Commerce and Reso>\rces of the Indian Archipehigo. Edited by Lady Kafvlss. 
Together 4 vols. 8vo, and a splendid quarto athu, containing upwards of 100 Plates by Dakiei^ 
many finely coloured (pub. at U. I4«.), cloth, 2L 8a. 1830-U 

RICH'S BABYLON AND PERSEPOLIS, viz. Narrative of a Journey to the Site of 
Babylon ; Two Memoirs on the Huins ; Remarks on the Topography of Ancient Babylon, hy 
Msjor Kenkbll; Narrative of a'Joumey to Persepolis, with hitherto unpublished Cuneiform 
Inscriptions. Svo, Maps and Plates (pub. at 1^. !«.), cloth, 10s. 6d. Oimcaii, iU» 

filTSON'S VARIOUS WORKS AND METRICAL ROMANCES, as Published br 
Pickering, the Set, viz :— Robin Hood, 2 vols.— Annals of the Caledonians, 2 vols.— Ancient 
Songs and Ballads, 2 vols.— Memoirs of tlie Celts, 1 vol.- Life of King Arthur, I vol.— Ancient 
Popular Poetry, 1 voL-^Fairy Tales, 1 vol.— Letters aud Memoirs of Ritson, 2 vols: together 
12 vols. postSvo (pub.*lt6^&«. 6<<.), clothgilt,3/. 8«. 1827-SS 

Or aeparatety atfoUowa : 
RITSON'S ROBIN HOOD, a Collection of Ancient Poems, Songs, and Ballads, relative to that 

celebrated Outlaw; with Historical Anecdotes of his Life. 2 vols. l&r. 
RITSON'S ANNALS OF THE CALEDONIANS, PICT8. AND SCOTS. Ivola. Ififc 
RITSON'S MEMOIRS OF THE CELTS OR GAULS. 10«. 
RirsON'S ANCIENT SONGS AND BALLADS. 2 vols. lit. 
RITSON'S PIECES OF ANCIENT POPULAR POETRY. PostSvo. 7*. 
aiTSON'S FAIRY tales, now first collected ; to which are prefixed two DlsaerUtiens— L On 

Pigmies. 2. On Fairieii, 8*. 

RITSON'S LIFE AND LETTERS OP JOSEPH RITSON, Esq. edited from Originals in the 

Possessiou of his Nephew, by Sir Harris Nicolas, '2 vols. Xdx. 

** No library can he called complete in old English lore, which has not the whole of the pro- 
aurtion.s of this laborious and successful antiquary *' — Alkena>um. 

"Joseph Ritson was an antiquary of the first oxatt,*'— Quarterly Review. 

ROBINSON CRUSOE, Cabinet Pictorial Edition, includinic his Further Adventures, with 
Life of Defoe, &c. upwards of 60 fine Woodcuts, from Designs by Harvey, fcap. »»o, New 
and improved Edition, with additional cuts, cloth gilt, 6«. imo 

The only small edition which is quite complete. 

"Perhaps tliere exists* no woric, either of instruction or entertainment, in the English Ian- 
guape which has been more generally read, or more deservedly admired, than the Life aud 
Adventures of Robinson Cr tsoc."— 5ir Walter Scott. 

RODNEY'S (LORD) LIFE, by Liect.-Gen. Mukoy, New EdiUoa, fcap. 8vo, Portrait, cloth 
(puh. atC».),3». e</. . f . », 

ROLLINS ANCIENT HISTORY, a New and complete Edition, with engrsviKi FrontUplecei 

and 7 Maps. 2 vols, bound in 1 blout hanuscnc vol. roval 8vo (pub. at 1^ 4*.), cloth, lat. 18*4 

The only complete edition in a compact form; it is uniform in size and appearaiure witJi 

Moxon's Series 01 Dramatists, &c. The p-evious editicns of Rollin In a single volume are 

greatly abridjred, and contain scarcely hair the work. 

ROSCOES LIFE AND PONTIFICATE OF LEO THE TENTH. New .ml much 
improved Ldition, edited by his bon, I hum as Roscoe. Complete in I stout vol. Kvo, closely 
hut very handsomely printed, illustrated by 3 fine Portraits, and numerous Illustrative En- 
gravings, as head and tail-pieces, cloth, U. 4«. IM^ 

ROSCOES LIFE OF LORENZO DE MEDICI, CALLED 'THE MAGNIFICENT.' 

New and much improved Edition, edited by his Son. Thumas Roscoe. Complete in I stout 
vol. 8vo, closely but very handsomely printed, illustrated by numerous Enjcravings. introduced 
as head and tail-pieces, cloth, 12j. Ig4j 

•' I have not terms sufficient to express my admiration of Mr. Ro.«coe's genius and erudition, 
or my gratitude for tlie amusement and information 1 have received. 1 recunmicnd his lalrauis 
to our country as works of uiuiuestionahle genius and 'incommon merit. Thev add the name of 
Roscoe to the very first rank ol English Classical Historians."— .iya«Aw«, i'uramttn/ /.Uemtun. 

•' Roscoe is, I think, by far the best of our Historians, hoth for beauty of stvie and for deep 
reflections; and his translations of poetry are eaual to the originals.' - WulfMie, Lari oj Or/ord. 

ROSCOES ILLUSTRATIONS, HISTORICAL AND CRITICAU of the Life ot 
Luren/u de Medici, with an Appendix of Orhfinai Documents. 8vo, Portrait of I.orenxo, and 
PUtes (pub. at I4«.), boards, 7«., or in 4to, print«Hi to match the original edition. Portnit 
and Plates (pub. at 1/. \U. «</.), boards, 10.. ^^ 

*•* This volume is supplsmentary to all sditious of the work. 
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HOXBURGHE BALLADS, edit^ by Jokv Patxv Coluxr, post 4to, bMntlfully printed 
hy WHiTTiiroHAMt, ana embeJ' jtd with ftO curious WoodcuU, half bound morocco, in the 
Aoxbursb ityl* (pub. at \U ^ „ lU. 1M7 

SCOTTS (SIR WALTF'j POETICAL WORKS. Containing Uyof the Last Mlnrtrel. 
Mannion, Lady of the Lalie, Don Roderic, Rokehy, Ballads, Lyrics, and Sonn, w'.tn Notes 
and a Life of the Author, complete in one elegantly printed toI. 18m0| Portrait and Frontin- 
piece ( pub. at it. ), cloth, U.6d. 1843 

SHAKESPEARE'S PLAYS AND POEMS. Valpt's Cabinet Pictorial Edition, with Life, 
OloBsarlal Notes, and Historical DifresU of each Play, ftc. 15 rois. fcap. 8vo, with 171 Plate, 
engraved on Steel after designs of the most distinguished British Artisu, also Fac-simile^ ,. 
all the linown Autographs of Shakespeare (pub. at S^. 15«.), cloth, richly gilt, 21, 6$. 1843 

SHAKSPEARE'S PLAYS AND POE^AS. in l vol. Svo, with Explanatory Note., aad a 
Memoir hy Dr. JoHJiSoir, portrait (pab. at \U.), cloth, 7«. M. 

SHAKSPEARE'S PLAYS AND POEMS, Pocket Edition, with a Life by Albxakder 
Chalmers, complete tn I thick vol. 12mo, printed in a Diamond type, vith 40 steel Engrav- 
ings ( pub. at 10«. 6d.), cloth, i$. 1848 

SHERIDAN'S (THE RIGHT HON. R. BRINSLEY) SPEECHES, with a Sketch of hb 
Life, Edited by a Constitutional Friend. New and handsome library EdiUon, with Portrait, 
complete in 3 vols. Svo (pub. at it. Sm. ), cloth, 18a. 184'i 

*• Whatever Sher\dan has done, has been par eteeUenett always the betf of its kind. He has 
written the bett comedy (School for Scandal), the be»t drama (The Duenna), the be»t farce (Hie 
Critic), and the bett address (Monologue on Oarrick): and to crown all, delivered the very 
best oration (the famous Begnm Speech) ever conceived or heard in this country."— iVyroiu 



SHIPWRECKS AND DISASTERS AT SEA; narratives of the most remarkable Wrecks, 
Conflagrations, Alutinies, ftc. comprising the ** Loss of the Wager," *' Mutiny of the Bounty," 
ftc. l2mo, frontispiece and vignette (pub. at 6«.), cloth, S«. 1846 

SMOLLETTS WORKS, Edited by Roscox. Complete in I vol. (Roderick Random, Hum- 
phrey Clinker, Peregrine Pickle, Launcelot Oreaves, Count Fathom, Adventures of an Atom, 
Travels, Plays, fte.) Medium 8vo, with 21 capital Plates, by Cruikshakk (pub. at 1/. 4«.)t 
doth gilt, 14t. 184S 

** Perhaps no books ever written excited such peals of fnextJagniihRMe laughter as Smol- 
lett's."— Sir Walter SeotL 

SOUTH ErS LIVES OF UNEDUCATED POETS. To which are added; •' Attempts in 
Verse," by Johx Joxbs, an Old Servant. Crown Svo (pub. at 10«. «d.), cloth, 4«. 6d. 

Jlf urrey, 1836 

SPENSER'S POETICAL WORKS. Complete, wKh Introductory Observations on the 
Ffeerie Queen, and Olossarlal Notes, handsomel: printed in ft vols, post Svo, fine Portrait 
(pub. at 2/. 12«. 6c(.), cloth, lU U. 184ft 

STERNE'S WORKS, complete In I toL Svo, >ortraK and vignette (pub. at 18*.), cloth, 10«. 6tf. 

ST. PIERRE'S WORKS, including the «' Studies of Nature." "Paul and Virginia," and the 
** Indian Cottufe," with a Memoir of the Author, and Notes, by the Rxv. E. Clarkx, 
complete in 2 thick vols. fcap. Svo, PortraU and Frontispieces (pub. at 16f.), cloth, 7«. 1846 

SWIFTS WORKS, Edited by Roscox. Complete In a vols. Medium Svo, Portrait (pub. at 
II. ISa.), cloth gilt, lU ii, 184S 

** VThoever in the three kingdoms has any books at all, has Swift."— £erd CknUrfitld* 

TAYLOR'S (W. B. S.) HISTORY OF THE UNIVERSITY OF DUBLIN, numerous 
Wood Engrav^gs of ite Buildings and Academic Costumes (pub. at II.), cloth, 7«. 6d. 184ft 

THIERS' HISTORY OF THE FRENCH REVOLUTION, the 10 parte in l thick vol. 
royal Svo, handsomely printed, cloth lettered (pub. at II. 5«.), lOe. 

■ the same, the parte separately, each (pub. at 3*. 6(1.) U,td, 

THIERS' HISTORY OF THE CONSULATE AND EMPIRE OF NAPOLEON, 
the 10 parte in 1 thick volume, royal Svo, handsomely printed, cloth lettered (pub. at II. ft*.), 
10s. 

■ the same, the parte eeparateiy, each (pub. at 2f. 6tf.) Is. ed. 

TUCKER'S LIGHT OF NATURE PURSUED. Complete la a toIs. Sto (pub. at II. lo«.). 

Clotll, lft«. '*^ 1842 

"The * Light of Nature* Is a work which, after much consideration, I think myself auUto- 
rixed to call the moot original and profound that has ever appeared on moral philosophy."— Sir 
Jatnet Maekiml<mk. 

.TYTLER'S ELEMENTS OF GENERAL HISTORY, New Edition, thick l2mo (526 
closely printed pages), steel fh)ntispiece (pub. at it.) cloth, 3«. 6d. 1847 

WADE'S BRITISH HISTORY, CHRONOLOGICALLY ARRANGED. Comprehending 
a classified Analysis of Events and Occurrences in Church and Stew, and of the Constitutional, 
Political, Commercial, Intellectual, and Social Progress of the United Kingdom, from the 6rst 
Invasion hy the Romans t« the Accession of Queen Victoria, with very copious Index ana 
Supolemenu Mew Eoltton. 1 lainte and remaikjibly thick vol. royal svo (1300 pages). 



CATALOGUE OF NSW BOOKS' 



WATERSTON-S CYCLOP/EDIA OF COMMERCE, MBRGAHTI LB, LAW, PINAXCB. 
COMMKla!IAL, OBOORAPHY AND NAVIOaTiON. M«« tUHthm, Imladfa* the New 
Tariff (cAmpletc to the preaent time) i the Prrnch Tarif, u Ikr ■• It co meu n u this courtiy; 
•ad a Treatise on the Prinrlplea, Practice, and HUtory of Coouneiee, hj J. R. M*Cvlu>cb. 
1 Terj thick doeely prtated voL 8to (tM pt—U «Mi 4 Mapa Ontt. «C U. «*.}, extra cMk, 



t\ ••Thiacapital work vlll he feiHd ABMet valnaUe BONnlteeirwyeaaaMiclalBiaatanda 
«aeAil hook to the iteoeral reader. 

[WEBSTER'S ENLARGED DICTIONARY OF THE ENGUSH LANGUAGE, 
Conulnlnc the whole of the former edItloM. and larfre addMona, to whieh la pieflsed aa laii»> 
dttctory iibaertatloa ea tte nmnection of the langtiaicea of Weatera Aaia aad Barape, adtted 
bjCHAUNrar A. OoonaicH, In eae tiilck elefaadj piteled vahuaa, tta., clMk, K. Sik (The 
BMMt completo dletioaary extant). Mtf 

WHITE'S FARRIERY, Improved bj RoaasB, tva, with pIttM aBfrnvad «■ aiael (poh. al Ite), 
doth, 7«. Utf 

WMYTE-S HISTORY OF THE BRITISH TURF. FROM THE BARLIBCT PBBIOD 
TO THK PRESENT DAY. t rols. Sto, Plates (pub. at It. !■.), cloth, tft. Itlt 

WILUS'S PENCILLINQS BY THE WAY. A new and heautMil Edition, witk addMloa^ 
ieap. RTQ. 6ne Portrait aad Platee (pah. at 6«.). extra red Turkej cloth, riehir glit hack, tb Id. 
** A lively record uf Ant Impressions, conveying vIvMiy what was aeca, heard, aad bit, hj aa 
active and Inquisitive traveller, thronch some of the most Interestlna parto of Eorapa. His 
enrioMlty and love of entorprlse are anhounded. The aarrathre ia told la easy, llaaat laacaage, 
with a poet's pover of Illustration.**— £din*«rfd Kemew. 

WORCESTER'S NEW CRITICAL AND PRONOUNCING DICTIONARY OF 
THE ENGLISH LANGUAGE, to which b added Walker's Key, and a Praaoaaciag Yoe^ 
%«lAry of modem Oeomraphlcal Names, thick Imperial Sro (pnb. at II. St.), eloU^ Uk. BIf 
*•* The most extonslve eatakDrue of werda ever piodaead. 

WRANGELLS EXPEDITION TO SIBERIA AND THE POLAR SEA^ailMky 

Ueuc-CoLSahlne, thick l2mo,lanie map aad port. (pnh. at 6fc),clali^ 4s. M. MM 



WRIGHT'S COURT HAND RESTORED, or the Btadeat anisted ia laadtBf oM tikm^en, 
iaad s , Ac aiMJI 4te, U platee (pah. at II. is.), ciech. Us. !•» 



tlT^toIogB, iSlorals, (Sccltsfastical l^istors, trc 



BINGHAM'S ANTIQUITIES OF THE CHRISTIAN CHURCH. New and Imynved 

Edition, cnrefully revised, with an enUrgreti Index. 2 vols. Impl. 8vo, cloth, U. 1I«. fid. USe 
** Rinirham Is a writer who does equal bonotir to the English clergy and to the Bntildi 
nation, and whose learning is only to be equalled by his moderation and Impartially."— 
Quartfrty Review. 

BUNYAN'S PILGRIM'S PROGRESS. Quite complete, with a Life and Notes, br the Rev 
T. Scott. Frsp. 12mo, with 25 fine full-sized Woodcuts by Harvey, containing all In 
Southey's edKion; also a fine Frontispiece and Vi^netto, cloth, 9$. fid. 1M4 

CALMETS DICTIONARY OF THE BIBLE, WITH THE BIBLICAL FRAG 

MENTS, hr the late Charlb.s Taylor. & vols. 4to, Illustrated by 202 Copper-plate En- 
gravings. P.iphth greatly enlarged Edition, beautifully printed on fine wove paper (pub. at 
10/. liu. ), eilt cloth, 4/. 14«. firf. latr 

•• Mr. Taylor's improved edition of Calmet's Dictionary is Indispensably necessarr to every 
Biblical Stutlent. The additions made under the title of * FragmenU' are extracted f^en the 
moKt rare and authentic Voyages and Travels into Judea and other OrienUl countries; aad 
comiirehenil an assemblage of curlou« and illustrative descriptions, explanatory of Scriptare 
incblenrs. rtistoms, and manners, which could not possibly be explained by any otiicr aiedlinm. 
The niinierous engravings throw great light on Oriental customs. ''-iEfome. 

CALMETS DICTIONARY OF THE HOLY BIBLE, abridged,! Urge vol. Imperial tvo, 
WoiHicuts and Maps (pub. at II. 4«.), cloth, IS*. l««y 

GARY'S TESTIMONIES OF THE FATHERS OF THE FIRST FOUR CENTU- 
RIES. TO THE CONSTFTUTION AND DOCTRINES OF THE CHURCH Of 
ENGLAND, as set forth In the XXXIX Articles, tvo (pub. at ISa.). cloth, 7«. 6d. 

Orford, TUboft. 

*• Tills work may be classed with those of Pearson and Bishop Bull; and such adaaalAca- 
Uon is no mean honour."— CAitrcll qT* EnyUnui QMmrterly. 

CHARNOCK'S DISCOURSES UPON THE EXISTENCE AND ATTRIBUTES 
OF GOD. Complete in I thick closely printed vol. tvo. with Portrait (pnb. at Ma^ 
cloth, ft*. <cl. ISM 

** Perspicuity and depth, meuphrsical snblisiity and evangelical simplicity, Inmenee leeia* 
lag but Irrefragable reawnlna, conspire to renler this performance one of the most laeedBtohle 
productions that ever did aoaoor to the aanctiied judgment aad geniua of a aaauui btlm§,**^ 



producti 
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CHRISTIAN EVIDENCES. ConUininir the foilowinir esteemed Treatfies. with Prebtorr 
Memoirs hy the Rev. J.S. Mbmes, L.L.n. vis: -WaliMm't Apolniry for Christianity, WvuonMl 
Apoloffv for »Ik' Bihle: Paley's Evidences of Chrlsilanlty; Paley's Horie Pauliiia*; Jenyn'a 
Internal Evidence of the Christian Religion; Leslie's Truth of Christianity Demnnsirated; 
Leslie's Sliort and Easy Rtethod with tlie Deists . Lfslie's Short and Easy Metliod witli the 
Jews; Chandler's Plain Keasons for beiiifr s ChristiHii, i.yttleton on the Conversion of St. 
Paul; Cainphell's DisserUtion on Miracles; SlierliH-k's Trial of the Witnesses, with Sequel; 
Weit on the Resurrection. In 1 vol. royal 8vo ( puh. at I4«.), cloth, IM. 1845 

CHRISTIAN TREASURY. Consistintc ot the follnwinfr Expositions and Treatises, Edited by 
Memrk, viz:— Macee's Discnnrses and Dissertatinnh on the Scriptural Doctrinesof Atonement 
and Sacrilice; Witherspoon's Practical Treatise on Kefreneration ; Boston's Crook in the Lot; 
. Oufld's Moses Unveiled; Guild's Harmony of all tlie PropheU; Leas's Authriiticity, Un- 
eonrupted Preservation anW Oredihlllty of the New Testament; Stuart's Letters on the 
Divinity of Christ. In I vui. royal 8vo (puh. at I2«.), cloth, (u. 1844 

CRUDEN'S CONCORDANCE TO THE OLD AND NEW TESTAMENT, reviaed 
and condensed hy 6. H. Hakhat, thick 18m», heautifitlly printed (puh. at 6*.)* cloth, 3f. 6<f. ' 

**An extremely pretty and very cheap edition. It c«>ntains all that to oseftil la the origin^ 
work, nmittinit only prepositions, conjunctions, &c. «h!ch can never he made available Cov 
purposes of reference. Indeed It Is all that the Script tre student can desire."— <>M«ri.'iaii. 

FULLER'S (REV. ANDREW) COMPLETE WORKS: with a Memoir of hto LIfe.byhto 
Son, 1 larKe vol. imperial 8vo, New Edition, Portrait (pui> .•! iL lOt.), ctoth, 1^ ia. I84S 

GREGORYS (DR OLINTHUS) LETTERS ON THE EVIDENCES, DOCTR'NES* 
ANI> DUTIES OP THE CHRISTIAN RELIGION, addressed to a Friend. Eiirhih Edltloa, 
with many Additions and Corrections. Complete In 1 thick weil-printed vol. leap. 8vo (pnb. 
at7s.6(/.). cloth, S>. 18a 

** We earnestly recommend this work to the attentive perusal of all cultivated minds. We 
are acquainteil with no book in the circle of Entrli^h Literature which Is equally calculated to 
five younft norsons just vlewg of the evidence, the nature, and the Importance of revealed 
religion."— >fo/>rr« Hall. 

GRAVES'S (DEAN) LECTURES ON THE PENTATEUCH. 8to. New Edition (puh. 
I« 13*.), cloth, 9s. 184t 

HALL'S (BISHOP) ENTIRE WORKS, with an account of his Life and Sufferines. New 
Edition, witli considerable Additions, a Translation of all the Latin Pieces, and a Glossary, 
Indices, and Notes, by the Rev. PKTBft U alx., 12 vols. 8vo, Portrait (pub. at It. 4«. ), cloth, U, 

Qj^fwiL, Talboyt, lUT-St 

HALL'S (THE REV ROBERT) COMPLETE WORKS, wtth a Memoir of hta LIfi, bj 
Dr. OLiNTHrs O rf.gohy, and OhMrvations on his Character as a Preacher, by John Fiistrk. 
Author of Essays o^ t'opnlar Ignorance, Stc. 6 vols. Kvu, handsomely pr;ntM, with beautUiil 
Portrait (pub. at S/. i9a.), cloth, eontenu lettered, I/, lis. 6d. 

The same, printed in a smaller slxe. 8 vols. fcan. Rv\, I/. I«. cloth, lettered. 

** Whoever wishes to see the EnwIUh lantnutKe in i*t perfection must read the writing* of that 
great Divine, Robert HaU. He combines the beauties of Joumkoii, Addisok, and BoKXBt 
without their imperfections."— />h«(i/(/ Stewttrt. 

** 1 cannot do betMr than refer the academic reader to the immortal works of Robert HalL 
Wot moral grandeur, for Christian truth, and for s'lbllmity, we may doubt whetiier they have 
their match In the sacred nratorr of any age or countr>-."— Prqfr$»nr fMytmrk. 

^'I'he name of Robert Hsll will be placed by posterity amontr the best writers of the age, at 
well as the most vigorous defenders of religious truth, and tlie orightest example* of Chrlatiu 
eharity."-'<«ir J. Muek»nto$h. 

HENRY'S (MATTHEW) COMMENTARY ON THE BIBLE, by Bickbrstbth. Ib 
• ToU. 4to, New Edition, printed on line paper ( pub. at M. 9$, ), cloth, 9L IS*. 6d. 1810 

HILL'S (REV. ROWLAND) MEMOIRS, by his Friend, the Rev. W. Joms, Edited, with 
a Preface, by the Rev. Jamrs Shkbmak (R(iwi.aki) Hill's Successor as Minister of Surrey 
Chapel). Second Edition, carafaUy revised, thick poet Bvo, ftoe Steel Poruait (puh. at 10«.) 
eloth, &j. 1848 

HOPKINS'S (BISHOP) WHOLE WORKS, with a memoir of the Author, In i thick toL 

royal mvo (pub. at I8t.), cloth, i4«. The same, with a very extensive general Index of TexU 

and Subjects, 2 vols, royal 8vo (pub. at I/. 4*. ), cloth, I8«. 1841 

•• Bishop Hopkins's works form of themselves a sound body of dltinlty. He Is clear, Teh* • 

BMnt, and persuasive."— .Me4«rv(*<A. 

HOWE'S WORKS, with Life, by Calavt, 1 lArgo vol. tanp«rlal 8vo, PoctraH (pub. at tU l<«.L 

cloth, W. lu.. I8il 

** I have learned fkr more freaa 4ohn Howe tf .an front any ether author I ever read. Thero 

Is an astonishing magnlAcence tai bia eoooeptlotts. He waa naqnoitiooably the greatest of the 

pBritan divines.^'— ie<t^r< UmlL 

HUNTINGDON'S (COUNTESS OF) UPE AND TIMES By a Memberofthe Houaee 
of Shirley and Hastings. Sixth Thoiu»nd wfth a eopkms Indes. t large vols. 8vo, Portraita 
er the Countess. MThlteOcld, and Wesley ( pob. at U. 4s. 1, clolh, 14s. ISM 

HUNTINGDON'S (REV. W.) WORKS, Edited by hU Sob. 6 vol*. 8ve, Portralu and PIbIm 
<pvb. at 3^. 18s. 6(1. i, cloth, iL fts. 

l,EIQHTONS (ARCHBISHOP) WHOLE WORKS; to which to^prenxed • Idle eflke 
Author, by the Rev. N. T. Pbabsov. New BdRloa, t thick vol*. 8vo, Portrait (r«K at U. 4fc| 
BBlneleth* Ui*. The ealy eeaulele BdMea* iMt 
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LEIOHTONS COMMENTARY ON PETER; with Life, by PsAmsoir, complete bi I 
thick bajidioin«ly printed toL 8ro, Portrait (pub. at I2t.)f cIoiH, 9$. 1M» 

LIVES OF THE ENGLISH SAINTS. By thu Ret. J. H. JfBwiiA* and others, 14 to1». 
12nio ( pub. at 21, 8*), Mwed In ornamented covers, IL 1«. l&M-i 

M'CRIE'S life of JOHN KNOX, with Illustrationtof the Hiitorr of the Reformatioo !■ 
Scotland. New Edition with numerous Additions, and a Memoir, ftc. by Akdhsw CKicnros. 
Fcap. Hvo ( pub. at &«. ), cloth, 3«. 6d. 1M7 

MAGEE'S (ARCHBISHOP) WORKS, eomprislnir Diaconraes and DiaaerUtions on the 
Scriptural Doctrines of Atonement and Sacrifice ; Sermons, and Visitation Charjres. With a 
Memoir of his Life, by the Rev. A. H. Kekk y, D.D. 2 vols. 8vo (pub. at 1/. 6i. ), clotb, 18s. 

m> 

•• Discovers snch deep research, yields so much valuable information, and affords so many 
helps to the refutation of error, as to constitute the most valuable treasure of biblical leamias, 
of which a Christian scholar can be possessed." — CkriiiiaH Obtervtr, 

MORES (HANNAH) LIFE, by the Rev. Hbkut Thoxsox, post 8vo. printed aniformly 
with her works. Portrait, and Wood Engravings (pub. at 12a.), extra cloth, 6<. Cadett^ 183« 

**This may he railed the official edition of Hannah More's Life. It brings so much new ani 
Interesting matter into the field respecting her, tliat it will receive a hearty welcome from the 
pulilic. Among tlie rest, the particulars of most of her publications will reward the curiosity 
of literary readers."— ii/rrary Caztttt. 

MORE'S (HANNAH) SPIRIT OF PRAYER, fcap. 8to, Portrait (pub. st6..), cloth, 4* 

CadeU^ 18«S 

MORE'S (HANNAH) STORIES FOR THE MIDDLE RANKS OF SOCIETY, 

and Tales for tlie Common People, 2 vols, post 8vo (pub. at 14«.), cloth, 9«. CaJeU, 1830 

MORE'S (HANNAH) POETICAL WORKS, post 8vo (pub. at 8s.), cloth, 3«.6d. 

CadeU,m» 

MORE'S (HANNAH) MORAL SKETCHES OF PREVAIUNG OPINIONS AND 

MANNERS, Foreign and Domestic, with Reflections on Prayer, post 8to (pub. at 9«.), 
cloUi, A: Cadellt 1830 

MORE'S (HANNAH) ESSAY ON THE CHARACTER AND PRACTICAL 

WRITINGS OF ST. PAUL, post 8vo (pub. at lOt. (id.), cloth, St, CmUU, 1837 

MORE'S (HANNAH) CHRISTIAN MORALS. Post Svo (pab. at ito.ed.), cloth, st. 

CadtUt ISSt 

MORES (HANNAH) PRACTICAL PIETY; Or, the Influence of the Religion of the 
Heart on the Conduct of the Life, 32mQ, Portrait, cloth, 2». ftd, isso 

Tlie only complete small edition. It was revised just before her death, and contains much 
improvement, which is copyright. 

MORE'S (HANNAH) SACRED DRAMAS, chiefly intended for Young People, to which is 
added '* Sensibility," an Epistle, 32mo ( pub. at 2». W. ), gilt cloth, gilt edges, 2». 18i0 

This is the last genuine edition, and contains some copyright editions, which are net in any 
otlier. 

MORE'S fHANNAH) SEARCH AFTER HAPPINESS; with Ballads, Tales, Hymns, 

and Epitaphs, 32mo (pun. at 2<. 6c/.), gilt cloth, gilt edges, U. Od, ism 

NEFF (FELIX) LIFE AND LETTERS OF, translated from the French of M. Bost, hr 
M. A. Wyatt, fcap. Svo, Portrait (pub. at fw.), cloth, 3«. 6d. isu 

PALEY'S WORKS, in l vol. consisting of his Natural Tlieology, Moral and Political Philosophv, 
Evidences of Christianity, Horre Paulinie, Clergyman's Companion in Visiting the Skk, *'c. 
8vo, hanilsomely printed in double columns ( pub. at lo«. 6(i.), cloth, 5*. 1849 

PALEY'S COMPLETE WORKS, with a Biographical Sketch of the Author, by Rkt. D. S 
Watlaxd, 5 vols. Svo (pub. at 1/. IJ*,), cloth, liu. Ij3y 

PASCAL'S THOUGHTS ON RELIGION, and Adam's Private Thoughts on Religion, 
edited by the Rev. E. Bickerstkth, fcap. Svo (pub. at 5*.), cloth, 3«. W. ' 1847 

PICTORIAL DICTIONARY OF THE HOLY BIBLE. Or, a Cyclopedia of TTlnstratlons. 
Graphic, Historical, and Descriptive of the Sacred Writings, hv reference to the Manners. 
Customs, Rites. Traditions, Antiquities, and Literature of Eastern Nations, 2 vols. 4to (up- 
wards of 1430 double column pages in good tyne), with upwards of looo illustrative Woodcutf 
(pub. 2/. IOj.), extra cloth, U. ht, ^g^ 

SCOTTS (REV. THOMAS) COMMENTARY ON THE BIBLE, with the Author's 
last Corrections and Improvements, and 84 beautiful Weodcut Illustrations and Mans. S vols. 
Imperial Svo (pub. at IL. 4ji.), cloth, \L IC«. f • * »^ 

SIMEON'S WORKS, including his Skeletons of Sermons and Horie Homiletfcw, or Blacourses 
digeatrd Into one continued S«rles, and forminc a Commentarv ui>on even- WooV, of the OW 
and New Testament; to which are annexed an improved edition of Clavlde's Knsar on the 
Composition of a Sennhn, and very comprehensive Indexes, edited by the Rev. ^hom^s 
HAaTWBLLHoaKE, 21 vols. 8vo^^u\>. at 10^ lo«.), cloth, 7Z. 7a. w. *»w«^ 
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nt/oUowing mhdature tdUient of SimemU popular worka ar* uniformly printed iu 3Smo, mnd 

bouKd m elotk : 
THB CHRISTIAN'S ARMOUR, M. 
THE EXCELLENCY OP THE LITURGY, Bel. 
THE OFFICES OP THE HOLY SPIRIT, 9d. 

HUMILIATION OF THE SON OF GOD: TWELVE SERMONS, M. 
APPEAL TO MEN OP WISDOM AND CANDOUR, M. 
DISCOURSES ON BEHALF OF THE JEWS, U. td. 



SMYTH'S (REV. DR.) EXPOSITION OF VARIOUS PASSAGES OF HOLY 
SCRIPTURE, adapted to the Uae of Families, for eTenr Say thronirtiouC the Year, 3 voU. 8vo 
(pub. at XL 11«. 6d. ), cloth, 9*. 1843 

SOUTH'S (DR. ROBERT) SERMONS: to which are annexed the chief heads of the 
SennoDs, a Biographical Memoir, and Oenetal Index, 2 vols, roval 8ro (pub. at lU 4t.i, 
cloth, 18«. e *- ' jg^ 

STEBBING'S HISTORY OF THE CHURCH OF CHRIST, from the Diet of Augsbunr. 
U30, to the present Century, 3 vols. 8vo (pub. at U. 16«.), cloth, 12«. ItuV 

STURM'S MORNING COMMUNING WITH GOD, OR DEVOTIONAL 
MEDITATIONS FOR EVERY DAY IN THE YEAR, translated from the German. New 
Edition, poet tvo, cloth, it. 1847 

TAYLOR'S (JEREMY) COMPLETE WORKS, with an Essay, Biographical and CriUcal, 
3 large vols, imperial 8vo, Portrait (pub. at 3^ 15«.), cloth, 31. St. ita$ 

TAYLOR'S (ISAAC OF ONGAR) NATURAL HISTORY OF ENTHUSIASM. 
Tenth Edition, fcap. 8to, cloth, 5«. 184S 

** It is refreshing to us to meet with a work hearing, as this unquestionably does, the impress 
ef bold, powerftil, and original thought. Its most strikingly original views, however, never 
Iransgress the hounds of pure Protestant orthodoxy, or violate the spirit of truth and sober- 
ness; and yet it discusses topics constituting the very root and basts of those ftirlous polemics 
wliicb have shaken repeatedly the whole intellectual and moral world."— Athenentm. 

TAYLOR'S (ISAAC) FANATICISM. Third Edition, caref^y revised. Pcap, 8vo, cloth. 6«. 

1843 

*' It is the reader's fhult if he does not rise firom the pemsal of such a volume as the present 
a wiser and a better man."— £c<ec<ie Review. 

TAYLOR'S (ISAAC) SATURDAY EVENING. Seventh Edition. Pcap. svo, cloth, it. 

1S44 
"'Saturday Evening,' and 'Natural History of Entbaslaam,' are two noble productions."— 
Blaekwood't Magazine. 

TAYLOR'S (ISAAC) ELEMENTS OF THOUGHT, or concise Explanations, alphabeti- 
cally arranired, of the principal Terms employed in the usual Branches of Intellectual Philo- 
sophy. Ninth Edition. I2mo, cloth, U. 1849 

TAYLORS (ISAAC) ANCIENT QHRISTIANITY, AND THE DOCTRINES OF THB 
OXFORD "TRACTS FOR THE TIMES." Fourtii Edition, with a Supplement and 
Indexes. 2 vols. 8vo (pub. at I/. 4«.), cloth, 18«. 1844 

TAYLORS (ISAAC) LECTURES ON SPIRITUAL CHRISTIANITY. 8vo (pub. at 
4«. 6d.), cloth, 3«. 1S41 

TOMLINES (BISHOP) ELEMENTS OF CHRISTIAN THEOLOGY, Fourteenth 
Edition, with additional Notes and Summary, by Stsbbuto. 2 vols. Svo, cloth, lettered (pub. 
at 1/. 1«.), lo«. ^. 

'"OMLINES (BISHOP) INTRODUCTION TO THE STUDY OF THE BIBLE, 
OR ELEMENTS OF CHRISTIAN THEOLOGY. Containing Prooft of the Authenticity 
and Inspiration of the Holy Scriptures; a Summary of the History of the Jews; an Account of 
the Jewish Sects; and a brief Statement of the ContenU of the several Books of the Old and 
New Testaments. Nineteenth Edition, elegantly printed on fine paper. 12mo, (pub. at it. &/.), 
cloth, S<. Qd. 184< 

"Well adapted as a manual for stadenU in divinity, and may be i«ad with advantage by the 
most experienced divine."— ATaraA*! Leeturet. 

WADDINGTON'S (D£AN OF DURHAM) HISTORY OF THE CHURCH, 
7ROM THE EARLIEST AGES TO THE REFORMATION. 8 voU. 8vo (pub. at U. 10«.), 
Cloth boards, 1^ l«. 

WADDINGTONS (DEAN OF DURHAM) HISTORY OF THE CHURCH. 
DURING THE REFORMATION. 3 vols. Svo (pub. at 1/. lis. 6d.), clotit boards, 18a. 1841 

WILBERFORCE'S PRACTICAL VIEW OF CHRISTIANITY. WiUi a comprehensive 
Memoir of the Author, by the Rat. T. Pftici, Itmo. printed in a larg* handsome type (pub. at 
6«.^ (Ut cluth, 3s. 6<i. ia4« 

WILLMOTTS (R. A.) PICTURES OF CHRISTIAN UFE. fe»MT#Jpnb^t6..), 



CATALOGUE OF HSW BOO/KB 



Jporeign languages anil Utterature; 

IWCLUDIW« 

CLASSICS AND TRANSIJ^TIONS, CLASSICAL CRITICISM, DICTION* 
ARIES, GRAHMARS, COLLR6S AND SCHOOL BOOKS. 



ATLASES.— WILKINSON'S CLASSICAL AND SCRIPTURAL ATLAS, with Hlsto. 
nc«t aiid Cbr«Hioio((tcal Tallies, iinp«ruil 4to, N«w aad L^ipmwud Edition, ftS maps, colourad 
fpuh. ai i;. 4t.), iMir iMMiad n«»rnoeo, 1<. Il«. td. ISU 

WILKINSON'S GENERAL ATLAS. New and bmnf^ BdMon, with al) tb« Rrilr wai 
Inaerini. Pnpulatioa accordtnfc to tii« HM Consua, tWliaimnt^ry Betwaa, Jtc impwlAi 4ta, 
46 Mn)is, coioarad (pub. at U. I6«.). Iialfltound murocco, IL i». 1S4I 

AINSWORTH'S LATIN DICTIONARY, by Dr. Javibrob, aa Mianed Bdition, mbWb- 
Ina all the vordt of the Quarto Dictiooary. lliiclc Svo, naatly bound (pub. at I4«. ), 9a. U4f 

BENTLEY'S (RICHARD) WORKS. ConMininK DIssertatlona upon tbe Epistlee of Pbalaili, 
ThenilHtocles. Sucratea, EuripUes, and tlie Falilea of Amd: Epistula ad Jo. Mllltuat; 8e»- 
mon»i Kovlc I.erture, Remarks on Pree-thinkiafr; Critica) Worka, fte. Edited, with eopiona 
IntilceM and Notes, liy the liev. Albxanukh Dvcb. 9 vols. Sro; a baautiTully printed Sdltlan 
(puh. at 1^ 18>.), cloth, 1^ la. ISK-II 

BIBLIA HEBRAICA, EX EDITIONE VANDER HOOGHT. Iteeeftiiovtt J. D. Aub- 

MA Ml. Very Uiick 8vo, handsomely printed (pub. at 1^ St.), doth, I0«. Gd. Lar^ " *"" 



BIOGRAPHIE UNtVERSELLE. Anctenneet Modem*. Nottrelie Editfon, revue. confg«« ct 
auKOieut^e par une Soci^ti de Oens de Lettres el de Savaota. 31 vols. Imperial Kvo (printadbl 
a compressed manner in double columns, but very clear type), aewed (pub. at 1»/. lie.), SL St. 

BOURNE'S (VINCENT) POETICAL WORKS, Utin and EnsUdi. l8»o (imb.nt3fc6iL), 

cloth. 2« M. int 

■I tha same, lante papar, an eleitaat voIqbm, ISmo (p«b. at St.), cloth, St. ML UM 

CICERO S LIFE. FAMILIAR LETTERS, AND LETTERS TO ATTICUS, 

by .MiiiDLKTOM, Melmoth, and IlsaitaoKii, completa In «hm thick vol. royal Svo, pactrmt, 
(pull, at I/. 4«.), cloth, 12*. lS4t 

CORPUS POETARUM LATINORUM. Edidit 0. 8. Wauckb. Complete Inl voy thick 

vol. roval Hvo (puh. at 2^ 2«.), cloth. I(t«. 
Tills ciiinprehensive volume contains a library of the poatlcal Latin classics, ccRMtly 

prinieii from the best textH, viz: — 
Catullus, Viriril, Luean, Sulpicia, Calpurniusncnta*, 

Tittullus, Ovid, Peraius. Stathis, Ausonius, 

Pru|ieriius, Horace, Juvenal Stilus lUlicus, Claudian. 

Lucretius, Fha:drus, Martial, Valerius Flaecus, 

DAMMII LEXICON GR/ECUM, HOMERICUM ET PINDARICUM. CuraDmrcAV, 

ruyal <lto, New Edition, printed on fine |>a|ier (pub. at &L &«.), cloth, W. I«. 1S4S 

" All excellent work , the merlu uf which have been universally acknowledged by literary 
charHcters."— />r. Uibdin. 

DEMOSTHENES, translated hy Leland, the two vols. Svo. complete in 1 vol. 12mo, hand- 
suniely printed in double columnH, in pear! type, portrait (pun. at at.), cloth, S«. 

DONNEGAN S GREEK AND ENGLISH LEXICON, enlanced; with examples, Uteraliy 
trnnslMtfd, selected from the clasNical authors. Fourth edition, considers lily enlarged, care- 
fully rr>vi»ed. and materially improved throughout^ thick Svo (1752 pages) (pub. at iL 3*.), 
cloth, U. U. 1S4S 

GAELIC ENGLISH AND ENGLISH-GAELIC DICTIONARY, with Examples, Phrases, 
and Etynioloifical Remarks, hv two Memliers of the Hiichland Society. Complete In 1 tliick 
vol. Kvo. New Edition, contaioiug many more words than the 4to Edition (pub. at 1^ 1«.), 
Cloth, 10«. 6d. 184i 

ORAGLIAS ITALIAN-ENGLISH AND ENGLISH-ITALIAN DICTIONARY, with a 

Cdinpendious Italian Oramntar and Supplementary Dictionary of Naval Terms, ISmo, roan 
(pul>. at)i«.), 4«. G(i. 184S 

HERMANN'S MANUAL OF THE POLITICAL ANTIQUITIES OF GREECE, 

Historically considered, translated fri*m ttie German, Svo (pub. at la«.), cloth, lo*. 6d. 

Otjnrd. Talboft^ ISSf 
*♦ Hermnnn's Manual of Greek Antiquities is most baporXAnW—ThtrlwuU'i Hut. qfGreteet 
vol. t. p. 44.1. 

HERODOTUS, CARYS (REV. H.) GREEK AND ENGLISH LEXICON TO 

» KROIX) rUS, adapted to Uia Teat of Gaisford and Baehr, and ail other Editiuus, Svo, dalh 
(pub. at 12«.), 8«. 

LEMPRIERES CLASSICAL DICTIONARY. Miniature Edition, cnmalninK a fuH Aecaaal 
of all the Proper Names mentioned in Ancient Authors, and mucli useful information reij-acU 
Ins the uses and habiu of tiie Greeks and Romans. New and complete Edition, elegantly 
printed in pearl type, la 1 ^ety thick vol. ismo (pub. at Jt. 6d.), cloth, 4«. 6d. IMI 
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LEES HEBREW GRAMMAR, complied from th« bMt AvtborMes, and nrfnrlpally kot 
Ortnttal SourcM, dmlfciMd for Ui« tue ot Stndcnu ta the Unlverattlcik New Bdhton, enriched 
wMi Biucb orliciMl matter. SUthThouMuid. Svo (|Hih. at lSk|, cloth, Itu Lmd. Ihmemt, um 

|£FS HEBREW, CHALOEE, AND ENGLISH LEXICON. CompUed from the beit 
▲vtborHiea, Orlcnui and European, Jewish and Chriatlan. Includlni; DuxToap, Tatlok* 
PxiLKHvaHT. and Gbkbkius; containing all the Words, with their Inliectlon^, Idlomalte' 
Veages. ftc. found n the Hebrew and Chaldee Text of the Old Testaatenl ; wHh niUBeroiw . 
•orrections of former Lexicoirraphers and CommenUtors, (bllowed hj an English Index, In 1 
tUck vol. 8TO. Third Thouaand (puh. at 1^ 3a.), elotb. Ite. Ltmdam, 1M4 

LtVERETTS LATIN-ENGLISH AND ENGLISH-LATIN LEXICON, compiled fhm 
Facgiolati and Schbllsr. Thkli royal tvo ( puh. at It 11«. W. ), doth. It. »». Ittf 

UVII HISTORIA, EX RECENSIONE DRAKENBORCHH ET KREYSSIG:! 
Bk Annotatlonei Crbvibkii, Strothii, RtiPBRTi.etalkNrHm: Anlmadveraioaes Nibbuhbu,* 
Vachsm OTHii, et suas addidlt Tbatbr» Twiaa, J. C. B. Coll. Univ. Oxon. Koclua et Tvtor.i 
Con Indlce ampllaslrao. 4 vols. Svo (puh. at XL I8>.), doth, IL 9$, Ojtford, IMl 

This Is the best and most useftil edition of LIvj ever puhliabed In octavo, and it is pretend' 
la nU our oniveraitiea and claaalcal schools. 

iUVY. Edited by Prxwdbvillb. LIvU Historlm llhrl qvinfM pikn^ vMb Ea^lUk Notoa,; 
by PaBMi»BTu.i.x. Mew Edition, lamo, neatly bound In loaa, ta, IMi 

- the aanMk Books I to III, aeparatdy, doth, St. fdL 

. the eamo. Books XV and V, doth, !«. M. 

NEWMAN'S PRACTICAL SYSTEM OF RHETORIC; or, the Piindplon and Bnlw of) 
Btylo, with Bxaaplas. Sixth Edition. Umo ( pub. at As. 6d.), doth, 4a. IMf I 

NlEBUHR'S HISTORY OF ROME, epitomised (for the nse of cdlana and sdioola), vitk^ 

Ghronolodlcal Tables and Appendix, by Tbaviuu Tviaa, B.CD. conMcte In 9 vols, bound ln< 

l,tvoipuh.atll.U.),eloth, latW. 0<^br«l, TWtoyt, Witt 

••This oditlQn by Mr. Twiss b a very vduable addition to classlenl leaminn, clearly and Mr 

Wibodyinf all the Utoat eflarts of the laborious Niobnhr.»— Msvwf GaasMe. 

OXFORD CHRONOLOGICAL TABLES OF UNIVERSAL HISTORY, trim tto 

earliest Period to the present 11me; In which all the freat Bventa, Civil, Rellftloos, ScientUle,) 
nnd Literary, of the various Natior« of the World are placed, at one view, under the eye of tho! 
Beader In a Series of parallel columns, so as to exhibit the slate of the whole Civilised World' 
at any epoch, and at the same time form a continuous chain of History, with Oeaealogieal 
Tables of all the principal Dynasties. Complete in S Sections: via:— 1. Ancient History. 
II. Middle Ages. III. Modem History. Witti a «ost eoBwOaU la4az to Uio ontk* woik, 
. fcUo (puh. at 14. Ms.), half bound morocco. U. U. 

« The above ia also sold sopamtely, as (bllowa :— 

THB MIDDLE AGES AND MODBBN HISTOBY, 1 parta In 1, folio (pah. •» U. Ik M.)« 

■owed, I3t. 
MOOBBM H18TCB7, IbIIo (ptfb. at ttk), aowod, tf. 

m.UTARCH'S LIVES, by the LAxsHonvna. Complotn In 1 thkk toL fvo (pah. at lis.), 
•loiii,7«.M. 

(AMSHORN'S DICTIONARY OF LATIN SYNONYMES, Ibr tho Uao of Behoola tmA 
Piivato Stadonta. TMnalntad and Bditod by Dr. Lunnn. Pool tvodMib. at 7«.). doth, 4fcM. 

iia 

BITTER'S HISTORY OF ANCIENT PHILOSOPHY, 
A. J. W. Monnjson, BJL Tr" ■ " ■ - - - - 
Ooaoml Index, cloih. lettoeod ( 

TIm Fourth Volume may bo had senorately. Cloth, 16* 

** An important work : ft mav bo said to have superseded all tho nrevloaa histories of phllo- ' 
•ophy. and to have become tae standard work on the sulOoct. Mr. Johnson ia alao exempt 
from the naoal fcnliaoftrandatora.** ■ (tmaHtHg Bmina. 

SCHOMANN'S HISTORY OF THE ASSEMBUES OF THE ATHENIANS 

tranateted lyom the Latin, with a complete Index, tvo (puh. t lOa. 6d.), cloth, fit. Cmmk, ISSt 

A hook of tho anaso aobod and charactor as tho worka of Hnnns*, Boacmx, ScHLBanx, B«. 

ELLENDTS GREEK AND ENGUSH LEXICON TO SOPHOCLES, trandatodby 
Cart, tvo (pub. at Us.), doth, 6*. 6d. O^w^ f eMoys, IMl 

9TUARTS HBBREW CHRESTOMATHY. darinodan an Iaiio*Mtlon to a Cowm «r 

lUbnwWmif. Third BdMon. tvo (pub. at He.), doth, ts. O^brd. TW6apsb UM 

Thia work, which waa desifnod by Itt learood author to fhellltalo tke atudy of Hobrow, kaa 

kad a vory extensive sale In America. It fotins a dealmhio a4|nnct to all Howw OtiwiMW, 

and ia suBdant to complato the system of i nst r urt lon In that Inafnafo. 

.TAeiTU& CUM NOTI8 BROTIERI, CURANTE A. il. VALPY. B4M»M«»t«i 
i#panirfaa a edn. mm (pwhb at K. its. ), cloth, u. u , 

tMOnUS, A NEW AND LITERAL TRANSI ATldi •wdnk.alMfcLnMmiia.M.' 



ANCIENT PHILOSOPHY, tnndatod from the Oennna, bj 
. Trlnhy CoUogo, CambrMgo. 4 vola. tvoi now completed, wlthn 
od(pttb.nta<.4s0.t<.ak O^ToiM^lMf 
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TCNNEMANN-S MANUAL OF THE HISTORY OF PHILOSOPHY, truMattititm 
th* 0«mian. hy tb» Rev. Arthur JoHxaov, M^. P<^reuor of Anfflo-Suon in the Unlverril^ 
- •rOsford. In l thick closely inrlnted vol. Svo (pah. at 14*.;, hoards, 9*. iM^ordt Talboya^ IStt 
** A vork ivhkh mfrks ont all the leading epochs in phllosopbT, and frlvee n;lnate chronolo* 
fical InformaUon concerning them, with biographical notices of tne foanders and followers ol 
tlie principal schools, ample texts of their works, and an account of the principal editions. In 
a word, to the student of philosophy, I know of no work in EngUsb likely to prove half so ose- 
ftil."— i/ayioarri, ta kit Trmulattan uf Goetlui't Fatut. 

TERENT1US, CUM NOTIS VARIORUM. CURA ZEUNII, cuim Oilxs; acced. Index 
copiosissimos. Complete In 1 thick vol. svo (pub. at 16«.)f cloth. Si. Itsy 

TURNER'S (DAWSON W.) NOTES TO HERODOTUS, fbr the Use of College 
StudenU. Svo, cloth, ISs. 1M7 

VALPrS GREEK TESTAMENT, WITH ENGUSH NOTES, accompanied hv paraflel 
passages ttom the Classics. Fifth Edition, S vols. Svo, with a maps (p^h. at X. ), doUi, 1^ te. 

IS4T 

VIRGIL. EDWARDSS SCHOOL EDITION. VtrgUn JBnels, cura Edwards, et auesti. 
ones VlrgliliinK, nr Notes and Questions, adapted to the middle fwrms in Schools, 2 vols, in 1» 
12tno, bound in c«oth (pub. at 6«. 6d.), S«. 
••• Either the Test or auestions may be had sepaxately (pub. at S«. 6<f.), St. 64. 

WILSON S (JAMES, PROFESSOR OF FRENCH IN ST. GREGORYS COLLEGE) 
FRENCH-ENGLISH AND ENOLI8H-FRSNCU DICTIONARY, containing full Expla- 
nations, Deflnitions, 8>-nonyms, Idioms. Proverbs, Terms of Art and Science, and Ruiek of 
Pronunciation in each Langttage. Cob piled from the Dictionaries of the Academy, Bowtbr, 
CiiAMBAi/n, Oarnbr, Lavbaux, Db8 Carribrbs auu ixi*. Johksob and Walkbr. 1 
large closely printed vol. imperial Svo (pub. at 2/. 2«.), cloth, IL St. ISU 

XENOPHONTIS OPERA, GR. ET LAT. SCHNEIDERI ET ZEUNII, Aeeedit Index 

iPoRROM and Elmslby's Edition), 10 vols. 12mo, handsomely printed In a laig* type, done np 
I ft vols. ( pub. at iL 10*. ) , cloth, IS*. MU 

■ The same, large pnper, 10 vols, csown Svo, done up In ft vols, doth, 1/. ft*. 

XENpPHON'S WHOLE WORKS, translated by Spblmav and others. The only 
Editioa, 1 thick vol. svo, portxait (pub. at U«.), cloth, 10s. 



iSobels, SKorlis of jpiction, 'Eigjt aReaifng. 



AINSWORTH'S WINDSOR CASTLE. An Historical Romance, Illustrated by Oborob 
Cri;ikskank and Tokt Jokahnot. Mediudl Svo, fine Portrait, and 105 SUel and Wood 
Engravings, gilt, cloth, it. isa 

BREMER'S (MISS) HOME: OR, FAMILY CARES AND FAMILY JOYS, translated by 
Mahy HowiTT. Second Edition, revised, 7 vols, post Svo (pub. at 1^. 1*.), cloth, 7<. id, lUt 

THE NEIGHBOURS, A STORY OF EVERY DAY LIFE. Translated by Mart 
How ITT. Third Edition, revised. 2 vols, post Svo (pub. at 18<.), cloth, 7«. td. 1S4S 

r,RUIKSHANK "AT HOME;" a New Family Album of Endless EnterUlnment, censistiiif 
of a Series of Tales and Sketches by the most popular Authors, with numerous clever aM 
humorous Illustrations on Wood, by Cruikshaxk and Seymour. Also, CRUIKSHANK*8 
ODD VOLUME, OR BOOK OP VARIETY. IllusUated by Two Odd Fellows-S^rMOOR 
and Cruikshank. Together 4 vols, bound in 2, fcap. Svo (pub. at 2/. 1S«.), cloth, gilt, lo*. 6d. 

ISift 



HOWITTS (WILLIAM) LIFE AND ADVENTURES OF JACK OF THE MILL 
A Fireside Storv. By William Howitt. Second Edition. 2 vols. fcap. Svo, with «S Ulus* 
uations on Wood (pub. at 15«.), cloth, 7«. 6d, ISi; 



HOWITTS (WILLIAM) WANDERINGS OF A JOURNEYMAN TAILOR, 
THROUGH EUROPE AND THE EAST, DURING THE YEARS 1824 to ISiO. Trans! 
lated by William Howitt. Fcap. Svo, with Portrait (pub. at 6«.), cloth, 3«. Sd. iu4 

HOWITTS (WILLIAM) GERMAN EXPERIENCES. Addressed to the EngUah, both. 
Goers abroad and Suyers at Home. 1vol. fcap. Svo (pub. at 6«.), cloth, 3«. 6d. 1S44 

JANE'S (EMMA) ALICE CUNNINGHAME, or, the ChristUn as Daughter, Sister, Friend, 
and Wife. Post Svo (pub. at it.), cloth, 2«. fid. lS4f 

JOE MILLER'S JEST-BOOK; being a Collection of the most exceUent Ben Mots, BrUHanl 
Jesu, and Striking Anecdotes in the English Language. Complete la I tiiick and dosely buf 
elegantly printed vol. fcap. l2mo, Frontispiece (pub. at it.), doth, 3«. UM 

JERROLD'S (DOUGLAS) CAKES AND ALE, A Collection of hamoreos Tales aa4 
Sketches. 2 vols, pest Sva. witb Plates, kr Oaoaoa Grvjkshaxk (pmh. at Ifts.), aMh 
Sfit,8s. r- . *' " M« 



PUBLISHED OR SOLD BT H. O/BOHir. 29 , 

LAST OF THE 1>LANTAGENETS, an HUtorical NMmttve.niiMtntli«th« PnMk BTenu, 
and Domestic and Ecclesbwtical Manners of the l&th and 16u Ceatarles. Ft*P* Svo, Third 
Edition (pob. at 7«. 6^), cloth. 3«. 6d, 1839 

LEVERS ARTHUR OLEARY; HIS WANDERINGS AND PONDERlNGS IM 
MANY LAN DS. Edited by H arrt LnRRBQVSK. Cbuikshaxk'b N«w lUustcateA MItloa. 
Complete in 1 vol. 8vo (pub. at 13«.), cloth, 9$. IMI 

LOVER'S LEGENDS AND STORIES OF IRELAND. BoUi Series. S vols. feap. Ivo, 
fourth Edition, embellished with Woodcuts, by Harvsy (pab. at 15*.), cloth, ««. id. IMr 

LOVER'S HANDY ANDY. A Tale of Irish Life. Medium Ivo. Third EdiUon, with 14 
characteristic Itlustlrations on Steel (pub. at IS*.), cloth, 7«. 6rf. 184* 

LOVERS TREASURE TROVE; OR L S. D. A Romaatie Irish Tale of the last Cea- ' 
torr. Medium 8to. SeconA Edition, with 26 characteristic llloatratloiia on Steely pub. at 14t.}t 
doth, 9i. 1846 

MARRYATS (CAPT.) POOR JACK, Illustrated by 46 larf* and exquisitely heantUtal ' 
Engrarings on Wood, after the masterly designs of Clarksom Stavvibi.]}, ILA. 1 handsome 
▼ot. royal 8vo ( pub. at 14«.), flU cloth, Ot . 1850 

MARRYATS PIRAT^ AND THE THREE CUTTERS, 8»o,wtth 30 most splendid \inm' 
EngraTlnn, after Stavfisld, Engraved on Steel by Cuarlxs Hbath (orighially pub. at 
If. 4«. ), gUt cloth, 10«. 6tf. 184» 

MILLER'S GODFREY MALVERN, OR THE LIFE OF^AN AUTHOR. By the 

Author of " Oideon Giles," " Royston Oower," " Day in the Woods," ftc. &c. I vols in I, 
•vo, with 24 clever Illustrations by Piiiz (pub. at 13«.), cloth, 6*. 9d, !848 

**Thi8 work has a tone and an individuality which distinguish it fh>m all others, and cannot 
be read without pleasure. Mr. Miller has the forms and colours of rustic life more completely 
under his control than any of his predecessors.**— if/AnueaM. 

MITFORD'S (MISS) OUR VILLAGE; complete in S vols, post Ivo, a Series of Rural Tales 
and Sketches. New Edition, beautiful Woodcuts, g^lt cloth, lo«. 

PHANTASMAGORIA OF FUN, Edited and Illustrated by ALrRSD Crowquill. S vola. 
post Svo, illustrations by Lbscu, CRUtKaHAKK, fte. (pub. at 18*.), doth, 7«. id, MU 

PICTURES OF THE FRENCH. A Series of Literary and Oraphle Delineations of Trmeh, 
Character. By Jules Jamx, Balzac, Cormbkiv, and other celebrated French Authors. 
1 large vol. royal Svo, Illustrated by upwards of 330 humorous and extremely clever Wood 

' **' EngravlRgs by distinguished Artists (pub. at If. S«.), cloth gilt, 1fl«. 1840 

Hiis book is extremely clever, both in the letter-press and plates, and has had an Immaaaa 
run in Prance, greater even than the Pickwick Papers in this country. 

POOLE'S COMIC SKETCH BOOK: OR, SKETCHES AND RECOLLECTIONS 

BY THE AUTHOR OF PAUL PRY. Second EdiUon, 2 Tols., post Pro., fine portrah, 
cloth gilt, with new comic ornaments (pub. at 18«.), 7«. id. ita 

SKETCHES FROM FLEMISH LIFE. By Hrvdrix Covscnxci. Sqnaro Itmo, 130 Wood 
Engravings (pub. at 6f.), cloth, it. 6d, 

TROLLOPES (MRS.) LIFE AND ADVENTURES OF MICHAEL ARMSTRONG, 
THE FACTORY BOY, medium Svo, with 34 Steel Plates (pub. at 13t.), gilt cloth, 6$. M. M40 

TROLLOPES (MRS.) JESSIE PHILLIPS. A Tale of the Present Day, medium 8to, port, 
and 13 Steel Plates (pub. at 13«.), doth gil^ 6*. 6<f. 1844 

UNIVERSAL SONGSTER, Ulustratedby Cri7Ikshaxk, being the largest collection oftho* 
best Songs In the English languago (upwards of 5,000), 3 vols. 8vo, with 87 li(nitorous<Bn- 
gravings on Steel and Wood, by Gborob CKtrixsHAXK, and 8 medallion Portraits (pub. at 
1/. 16f.J, cloth. 13«. 6d. 



^ttbentU m^ lEIementars iSooIis, (Sgrnnastfcs, Src. 

ALPHABET OF QUADRUPEDS, Illustrated by Flgnres selected tnm the voiles of tho 
Old Masters, sqnare 12mo, with 34 spirited Engravings after Bbrohrm, RRMBRAirnT, Cvtt. 
Paul Pottbr, ftc. and with initial letters by Mr. Shaw, cloth, gilt edges (pub. at 4«. C^.), Si. 



• the same, the plates colouMd, gilt cloth, gilt edges (pub. at 7«. td.) i$. 



CRABB'S (REV. G.) NEW PANTHEON, or Mythology of all NaUons; especially fbr tho 
Use of Srhools and Young Persons : with Questions for ExamlnattoR on the Plan of Pibbocx. 
ismo, with SO pleasing lithographs (pub. at 3«. ), cloth. S«. 1847 

CROWQUILL'S PICTORIAL GRAMMAR. 16m^ with ISO hnmorMu fllustratloaa (pub. 
at it.), cloth, gilt edges, 2*. Oct. 1844 

DRAPER S JUVENILE NATURALIST, or Country Walks fa Spring, Summer, Autiima,^ 
aa^ Winter, square l2no, with 80 beantlfttlly oseeutod Woodcota (pub. at 7s. 6d.), eloth, |^^ 
edges, 4«. 6<f. IMf 



ENCYCLOPAEDIA Of MANNERS AND ETIQUETTE, !..__._ « v 

of Cheiterfleld's Advfcc to his Son en Men and Manners: and the Young Man's own Book; B' 
Manual of PolHcBeas, latoHoctuBl InproToiMnt, Md Moral DoportMBt, Mn^b 9raBtlqplecO|, 
cloth, gilt edfOB, t$, IMtm 
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WK^n Vawabb. Vet^ mm, m^waaJk^im 



COUC8TR1AN MANUAL TOW LAO"M. *7 . ^ 

QAMMER ORETHEL-8 FAjRYJALES AND POPULAR iTORIM. t«airt.d ta 

CBViKaRAPK (r«k. at 7t. M), aloik gUt to UH 

OOOD-NATUREO BEAR, a f^^J^ Ckuuran of an Agw, kgr B. H. Houb. SqvantWk 
p|iMa«<p«k.atto.)clath.to..or«ftktk«|»ata««olottrad,to. ^ iS 

GRIMM'S TALES FROM EASTERN LANDS. Squai* Ubm, platas (pttli.atto.)»clatlL 
to. M., w ptetaa colourad, to. M. Ill} 

HALL'S (CAPTAIN BASIL) PATCHWORK, a New 8f>ri«« of FragaMata of Vojana aiA 
Travels, iiacend MItlaa. IMm. eloUi. wiib tka kaek ««rj rickljr aad appioKtataij 3i «Mi 
palckvark 4c«ka* (piH». at Ito. ), 7*. W. IMl 

HOLIDAY LIBRARY. BdHad by Wcliam Hablitt. UBtforaly jwiatad la s lola. aktoa 
fpak. at 19a. 6rfj, ckAk, Ha. W., or aaparataly, vla»— OrplMa of WatavlM, Ja. M. BaBr 
draJ«a.to.M. l2;n«l*orRal>aaalil.aiidPkIrTTUaa,to.CL ^ «S 

HOWITTS (WILLIAM) JACK OF THE MILL. tvda. Um (p«k. at lu.). «Mk li^ 

y«.««(. lis 

HOWITTS (MARY) CHILD'S PICTURE AND VERSE BOOK. eomMBWaalM 
M Otto SpMlttar*! Fftbic Book :*• tramlot#4 Into EnatUk Varaa, vltli Pranel an4 fliiaiaa 
¥anoa oppeaita. fenalas a Trdclott. iquaM iftno. with 1« iaiga Wood Bivrt^vlBga (Mb. at 
|to. 9d.), axtra Turkey etatb. irllt edirea, to. IMS 

This b oae of the oioat elegant iuveaile books ever prodaced, and has tha novelty ef baiaff la 
three laoffMgea. 

LAMB« TALES FROM SHAKSPEARE. de«laMdprlaclpanT«BrtbenaeorTe«i«reneM 
(Written by Mtaa and Charlks L*Maj.8ixth Edition, emheUtohcd whb se lanr sadbaantlW 
Woodcnt Eagravlniis. from designs by HAavRv, feap. Ire (pob. at 7*. 6d.), cloth gtit. to. IMS 
** One of tbc most oseAil aad agrerahle companions to the understanding of Khakypeare vhkh 
ka«e been ptedvced. Tbe youthful rea*lcr who is ahoot to taate the chansa of our great Baai^ 
li stron^y leeanaiMadad to piapara hliMatf by liat reading Ihaae alegaat t 



L E. L TRAITS AND TRIALS OF EARLY UFE. ASatieeorTblesadMfeMadla 
Teung People. By L. B. L. (Mias LANOon). Fourth Sdllloa, feap. ivo, with a baaatUU 
ronialtEBgravedon8teeI(p«b.atto.KgUteloth.to. mi 

LOUDON'S (MRS.) ENTERTAINING NATURALIST, hetag pomilar DoaariaMeBa. 
Tales and Anecdstes of more than Me Animals, comprehending alt tbe tluadrupeda. Birds, 
PUhes. BeptUea, inaecia, ftc. of vhkh a kaowledge la IndlapanMble la Poihe Bdneatloni 
niustrated by upwavds of MO beavtltel Woodeuta, by Bswscs, Hasvbv, Whimvsb, aad 
•theta, post ITO, gUt cloth, 7*. M . Mt 

MARTIN AND WESTALL^ PICTORIAL HISTORY OF THE BIBLE, tbe letter. 

Sres* bT tbe Rer. Hubart Cauktkk, Svo, 144 extremely beautlAiI Wood Enirrsvlngsby the 
rstArtlsU (Incladlna reduced copies of Martik's celebrated Pleturee. Betsbaisar^s lesst, 
Tbe Deluge. Fall of Nineveh, he.)* clvtfa gUt, gUt edges, reduced to ISk Whote booad aur. 
richly gilt, gilt edges. Ito. IMt 

A most elefcant present to young people. 

PARLEY'S (PETER; WONDERS OF HISTORY. 8«Mn iteo, wumtom Waodcnts 
(pub. at 6«. ), cloth, gilt edfres, to. 6d. lUi 

PERCY TALES OF THE KINGS OF ENGLAND; Stories of Camps and Battle.Fleldi, 
Wars, and Victories (modernised from Holikshbd, FaoissAnT, and tbe other Chroniclers), 
t vols. In I. square l2mo. ( Parley slse. ) Fourth Bdition. considerably improved, completed 
to the preten: tinie, embellished with IC exceedingly beautiral Wood Engravings (pub. at St.), 
cloth (Alt, iri:t edires. it. ItM 

This beautiful volume has enjoyed a large share of sueceaa, and deservedly. 

ROBIN HOOD AND HIS MERRY FORESTERS. By Stbphs* Paacr. 9qmn Um, 
8 Illustrations by Oilbbrt (pub. at to.), cloth, to. &<., or with coloured Plates, to. itM 

STRICKLAND'S (MISS JANE) EDWARD EVELYN. aT^oftkeReh*>i»o«eri74C; «• 
which is added ** Tbe Peasant's Tala." by Jbvfbaxs Tatxos. fieap. tvo, a Am Plalaa (p«fe. al 
•a.) eloth gilt, ts. fld. ^um 

TOMKIN'S BEAUTIES OF ENQUSH POETRY, lelectod tor the Use of Toath, aad 
designed to Inculcate the Practice of Virtue. Twentieth Edition, wHh considerable addltioM, 
royal i8mo, very elegantly prlatad, with a beaottftd Frontlaplaee after Uaavbt. alsfaat gill 

WOOD-NOTES FOR ALL SEASONS (OR THE POETRY OF BIRDS), a Satlaa tt 
Songs and Poems for Vrang People, eontrthuted by Barrt Corhwali., WonoawoBnt,- 
MooBB, CoLBRiDOB. Ci*MPBai.L, JoARjiA Baillib, Eliba Cook, Maut HuwrTT, Mas. 
Hbmans, Hooo, Charloitb Smith, &c. feap. Bvo, vei7 prettily printed, with UbeavUM 
Wood Engravings (pub. at to. fd.). cloth, gilt edpea. to. um 

iVOUTH-S (THE) HANDBOOK OF ENTERTAINING KNOWLEDGE, In a Sarim ef. 

Pamlliar Conversations on the most intcrestinir productions of Natun. and Art, aad en ethsr 
maimctlve Topics ef Pottte Education. By a Lady (Mas. PALLiaan, the Slater of Cs^ttlS 
Maabtat), » vols. feap. Svo, WiKMlcuts (nub. at ito.), cloth gih, to. MC 

■" ' 9i imnt tmtk^mm 



MAAnvAT), i vols. feap. Svo, WiKMlcuts (nub. at ito.), cloth gih, to. 

"Vila la a very clever aad Instructive book, adapted to th« ^'PT'lrttT 
^M of the Coaversatloiis on Cheaidatry, Mineralogy, BotaLy, cr. 
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iSlttStc anil JVlttstcal JSSLoxks. 



THE MUSICAL LIBRARY. A lelaetlm of tiM bert VonI m4 iMIrvBMiital Vwie. bMk 
Bufliai uid Foreign. Edited hjr W. Ayrton, Bsa. oftli* Open Hoom. 8 Tola, folio, eoai- 
prehenUlnff n .re than 400 piecea of Muale, beautifully printed with maUUie typaa (imbb a* 
4L 4.. ». seirad, IL Il«. M. , r— gr- 

ille Vocal and Inatrumental may Iw bad aaparataly, aacfii In 4 vola. ICt. 

MUSfCAL C/VBINET AND HARAAONIST. a c^^Tiertinn or C^Midnl and Poputai Vtn^ 

ftMi«rt, Knult^h.. {^mlch, Ai^d I Huh Mt^tiHllrBi with many ot lb« NftlWi«] Ml* erf Oltitr 
Cd'Lnhin^q, 4pmhriiirlFv|r 'i^tnat^it ^AAfi-hniL, (l*<Jtai>, ClitmlrlllmiT WiKui, Khd Oji I lo|i«(|e« ; tlfO 
tiadrlitftti, Dtipeih iniX Ol^EJ ; lh« wIihiIe^ atlag^iFd i^|t]iifr fur the Viiici;^ the PiuiQ- furte^ Ijh* 
Kaej.'- "fr thr iJrifnii kI\U PSijcihi (HrL^utiinBlli fnf thp piuTt ajIlI OnlUr^ under the &upHr|ik- 
taadeHCr of »ti ^mtAflDl Prnfeuor. 1 <'■;■. aiuaJI TfillD^ caniv'*'^''i^^3NV mufe lliftb 3414 piecBkAlf 
Muiic, htaiktlfulljir }>rlDted viiti meUHfar Ifiwi I pub. ■! 3J. 3tt.|, K^rd, Igd. 

the Ail'^rrUitpr Id Ailnpt ^hv Mmt pl^n nif 4rLlLit|r ih? ptoflitni capttAl lalactliiiL. A^a EtiQ OFiteaU 
uc i]iibi|i' dlffFrHTil rrnm tl»i: Mkink*! L!:br«|->n "J>d iUe Intllnilo iOtrit ot tbe uitcUaq fi Bqmi;^ 
tlie TirtL ^11 nd ddU.hl mf«t vlUt ■Initlar iuccbm, 

MUSICAL GEM ; a Collection of Sno Modern Sonica, Ducta, Olaaa, fte. by tka Moat calelmtaA 
ComiHMwrt of the present day, adapted for the Voice, Flute, or Violin (edited by John Parrt), 
3 vols. In I, 8vo, wttb a beautifully engraved THIo, and a «ery ileUy Dlumlaalad Fro o ll apl a a a 
(pah. at 1/. 1«. ), cloth flit, lOa. 9d. 1MI 

The above eapiul collection conuina a great nnmbar 9t the beat aapyitgM piaeaa, inoivdiit 
■on* cftheoMMt popular aoBgaofBraham,Biabop, Ac It fofna • Moal attnetfva TohuM. 



iWrtfcfnea Sbtitarrp, anatomg, GPJemfsttB, 



BARTON AND CASTLE'S BRITISH FLORA MEOICA; Or, Hbtory af tb« 1 

Planu of Great Britain, I vola. Svo, upwarda of 100 finely colourad fl«ttraa of Planta (pab. as 

M.»f.), cloth. U. 16*. IMf 

An exceedinKly cheap, elegant, and valuable worli, neceiaary to every medical praetttlonar. 

BATEMAN AND WILLANS DELINEATIONS OF CUTANEOUS DISEASES. 
4to, eon'ilninR 72 Plates, heautiftilly and very accurately coloured under the superintendenea 
of an eminent ?rofe*sional Gentleman (Dr. CARawRU.), (pub. at 13i. 13a.), half bound mor. 

** Dr. Bateman'a valuable work haa done more to extend the knowladfa of eatanaotia dliaaaca 
Ihan an}- other that has ever appeared.**— />r. A. T. Tkompaon, 

BEHR'S HAND-BOOK OF ANATOMY, by Birkbtt (Dammutntor «t Oiiy*8Ho8pltal), 
thick ISmo. closely printed, cloth lettcied (pub. at 10«. 6d.), U. 6d. 184C 

BOSTOCKS (DR.) SYSTEM OF PHYSIOLOGY, comprising a Complete View of the 
present atate of the Science. Ath Edition, revised and corrected tiirouffbout, Svo (900 pages), 
(pub. at It. ), cloth, U. MM 

BURNS'S PRINCIPLES OF MIDWIFERY, tenth and baat adttioB, thick Ivo, cloth lattned, 
(Ipab. atlOa.). 5a. 

CELSUS DE MEDICINA, Edited by B. Mtllioait, M.D. ram Indict coploaiaaimo az adit. 

Tarir«. Iliick Mvo, Frontispiece (pub. at 16«.), cloth, 9t. 1891 

This la the very best edition of Celsus. It contains critical and medical notes, applicable to 

tte practice of this country : a |>amllel Table of ancient and modem Medical terms, svnonymes, 

weifrbu, measures, Sic. and, indeed, -^ery thing which can be useful to the Medical Student; 

together with a singularly extensive Index. 
HOPE'S MORBID ANATOMY, royal svo, with 4< highly flnished coloured Platea. coBtato- 

ing 36b accurate DaUneatiooa of Cases in ev^ry known variety of Diseaaa (pub. at U. •«.)• 

eleth. U. 3*. 18M 

LAWRENCES LECTURES ON COMPARATIVE ANATOMY, PHYSIOLOGY, 

ZOOLOGY, AND THE NATURAL HISTORY OF MAN. New EdMon, post Svo, with R 

Vrontikptece of Portraits, engraved on Steel, and 12 Plates, cloth, fta. 

LAWRENCE (W.) ON THE DISEASES OF THE EYE. Third EdWon, ravlaed aiM 
anlarged. Svo (S30 cloaely printed paices), ( pub. at U. 4a. ), cloth, 10«. 6d. 1M4 

LEY'S (DR.) ESSAY ON THE CROUP. 8vo,s Platea (pab. at ISa.), cloth, S«.8d. ItSC 

LIFE OF SIR ASTLEY COOPER, Intersperaed with Ms Sketches of Dlsfinguiabed Cha- 

racters, by Bransby Coopbr. 2 vols. Svo, with fine Poitraii, after Sir Tlomas Lawrence 

(pub. at II, U.1, cloth, lua. 6d. IMS 

NEW LONDON SURGICAL POCKET-BOOK thick roTtl ismo (pob. at lis.), ht bd.ft^ 
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NEW LONDON CHEMICAL POCKET-BOOK; adapted to the Dti]/ nw of the 

royal 18mo, nutneroua WooUcutg (pub. at 7<. 6d.), hC bd. 3<. dd. mi 

NEW LONDON MEDiCAL*POCKET-BOOK, includio; Pbarmaer, Posology. ftc. rtml 
ISmo 'puh. at8<.), hf. bd. 3«. 6d. 1M4 

PARIS' (DR.). TREATISE ON DIET AND THE DIGESTIVE FUNCTIONS^ 

Sth edition ( pub. 12: ) , cloth, St. ^ 

PLUMBE'S PRACTICAL TREATISE ON THE DISEASE OF THE SKIN. 

Fourth edition, PlaUs, thick Svo (pub. at 1^. !«.), cloth, 6<. 6d. 

SINCLAIR'S ISIR JOHN) CODE OF HEALTH AND LONGEVITY; Sixth EdItkM. 
complete in 1 thicltToi.8ro, Portrait (pub. at U.),elotli, 7«. 1844 

SOUTHS DESCRIPTION OF THE BONES, together with their .eTeral connexion 
with each other, and with the Muscles, specially adapted for Students in Anatomy, aumerona 
Woodcuts, third edition, 12mo, cloth lettered (pub. at 7«.), 3«. 6d. i%St 

STEPHENSON'S MEDICAL ZOOLOGY AND MINERALOGY; inclodins also am 
account of the Animal and Mineral Poisons, 45 coloured Plates, royal **^ ' nib. at 2/. 2*.), 
cloth, II. U. I8S» 

TYRRELL ON THE DISEASES OF THE EYE, being a Practical Maoris on their Trvat- 
ment, Meiiicall)-, Topical Iv, and by Operation, br F. Tyrrbi,!., Senior Surgeon to the Itoyal 
London Ophthalmic Hospital. 2 thick vols. Svo, illustrated by 9 Plates, combining upwards e^ 
•0 finely coloured flgures (pub. at W. I6«.), cloth, 1/. U. IM* 

WOODVILLE'S MEDICAL BOTANY. Third Edition, enlarged by Sir W. Jacksov 
HooKKK. 5 vols. 4to, with 310 Plates, Engraved by Sowkruy, most carefully coloured (pub. 
at lot. lOt.), halfbound morocco, 5/. St. The Fifth, ot Supnlementnry Volume, entirely bv Sir 
W. J. Hooker, to complete the old Editions. 4to, 3<> coloured Plates (pub. at 2/. 12«. 6d.\, 
" — Is, U. lU. W. IttS 
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BRADLEY'S GEOMETRY, PERSPECTIVE, AND PROJECTION, «>r the at* «ff 

Artists. 8 Plates and numerous Woodcuu (oub. at 7«.), cloth, 5«. ig4f 

EUCLID'S SIX ELEMENTARY BOOKS, br Dr. Lardner, with an Explanatory Com- 
mentary, Geometrical Exercises, and a Treatise on Solid Oeometr)-, 8vo, Ninth Editioa, 
cloth, 6«. 

EUCLID IN PARAGRAPHS: The Elements of Euclid, containing the first Six Books, wad 
the first Twenty- «ne Propositions of the Eleventh Book, 12nio, with tlie Planes shadad. (pub. 
at 6t.), clotli, 3«. Gti. Camb. 184S 

JAMIESON'S MECHANICS FOR PRACTICAL MEN, including Treatises on the Com- 
position and Resolution of Forces; the Centre of Gravity; and the Mechanical Powers; illus- 
trated by Examples and Designs. Fourth Edition, greatly improved, Svo (pub. at I3«.). 
cloth, 7s. Gc/. IgM 

"A great mvahanical treasure."— Dr. Birkbeck. 



BOOKS PRINTED UNIFORM WITH THE STANDARD LIBRARY. 

JOYCE'S SCIEIfTIFIC DIALOGUES- enlarged by Piwxocx, for the InstrucUoa and 
Entertainment or Young People. New and greatly improved and enliirged Edition, by 
William Piknock, completed to the present sute of knowledge (6oo pages}, numerous 
Woodiuts, it. 

STURM'S MORNING COMMUNINGS WITH GOD, or Devotional Mediutioas for 
every Day in the Year, 5«. Uil 

CHILLINGWORTHS RELIGION OF PROTESTANTS. 5oopp.3,.6d. 

CARY'S TRANSLATION OF DANTE. (Upwards of 600 pages), extra blue cloth, withs 
richly gilt back, 7$. Cd. lUJ 

MAXWELL'S VICTORIES OF THE BRITISH ARMIES, enlarged and improved, an« 
brouglu liown lo the present time; several highly finished breel Portraits, and a i- routispiece, 
extra gilt cloth, 7«. 6d. 184? 

MICHELETS HISTORY OF THE FRENCH REVOLUTION, translated oyCCocx* 
2 vols, m 1, 4<. 

ROBINSON CRUSOE, including his further Adventures, with a Life of Defoe, ftc. upvatrie 
of 60 fine Woodcuts, from designs by Harvev and Whimper, 5*. 

STARLING'S (MISS) NOBLE DEEDS OF WOMAN, or Examples of Female Coanf>. 
Fortitude, and Virtue, Third Edition, enlarged and impk-aved, with two vcrr bcaatiAil FIWW' 
Dieces. eleont ia elotk. £» Wt 
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BOHN'S ECCLESIASTICAL UBRARY. 

, EUSEBIUS' ECCLESIASTICAL HISTORY, Translated from tbe Greek, with NotM. 
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BOHN'S SHILIIHG SERIES. 

Those marked *, le'uig Double Volumis, are Is, 6J, 
EMERSON'S REPRESENTATIVE MEN. 
\. IRVINGS LIFE OF MAHOMET* 

I. THE GENUINE AUTOBIOGRAPHY OF BENJAMIN FRANKLIN. 
'r. WILLIS'S PEOPLE I HAVE MET.* 
L IRVING'S SUCCESSORS OF MAHOMET.* 

i. LIFE OF GOLDSMITH.* 

'. SKETCH-BOOK.* 

I. TALES OF A TRAVELLER* 

I. TOUR ON THE PRAIRIES. 

I & 11. CONQUESTS OF GRANADA AND SPAIN. 2 VoU.» 

: & 13. LIFE OF COLUMBUS. 2 Vols.* 



^« 14. 



COMPANIONS OF COLUMBUS* 



4 ^^• 

?3 18. 

?i 19. 

20. 
21. 
22. 
23. 
.24. 



;:* 



8i 16. TAYLOR S EL DORADO; or, Pitturta of tlic Gold Ilegion. 3 VoU. 
IRVINGS ADVENTURES OF CAPTAIN BONNEVILLE.* 

KNICKERBOCKER.* 

TALES OF THE ALHAMBRA.* 

CONQUEST OF FLORIDA.* 

ABDOTSFCRD AND NEWSTEAD. 

SALM.'aCUNDI.* 

CRACESRIDGE HALL* 

ASTORIA ^Uhjiiie VclraU of the Juthor). 2 Vols. inl. 



Si. 



LA.F/!ARTINE'S GENEVIEVE; or, The History of a Servant Girl. 

A. 11. SCOIJLK.* 



Translated b/ 



25. 
27. 
28. 
29. 



31. 
32. 

33. 
34. 

35. 
36. 
37. 

33. 
29. 



MAYOS BER2ER; or, The Mountaineer of the Atlas. A Talc of Morocro. 
WILLIS'S LIFE HERE AND THERE; or, SkL-tchea of Soricty and Adventure.* 
CUIZOT'S LIFE 07 MONK, wth Appendix ;ind iW/rai/.* 

THE CAPE AND THE KAFFIRS: A Dii.rv of Five Yrars* Rpsidcnce, with 
Advice to Knii„'riuit3. liy H. WAUl). 2'laie ami Jfnv cj the Seat of War. 2*. 

WILLIS'S HURRY-GRAPHS; or. Sketches of Sccnury, Celehrities, aud Society, 
taken fioni Life.* 

HAWTHORNE'S HOUSE OF THE SEVEN GABLES. A Romance. 
LONDON AND ITS ENViRONS; with Historical and Descriptive Sketch of the 

Great Exhibition, liy 'YKUS REDDING. Nutncrous Jllustratwu. is. 
LAMARTINE'S STONEMASON OF SAINT POINT.* 

GUIZOTS MONKS CONTEMPORARIES. A Scries of Biographic Stndiea on 

the Enirlish Kcvolutinn. rurtrait of Edicard Lord ClarendoH. 
HAWTHORNE'S TWICE-TOLD TALES. 

■ — ■ Second Series. 



- SNOW IMAGE, and other Tales. 
SCARLET LETTER. 



EMERSON'S ORATIONS AND LECTURES. 
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BQHN 5 CLASSICAL LIBRARY. 

WITH ?iOT^515, 

^ HEH00OTUS. By tin Rut, Ilis^uf Casy^ ILA, fnif^j, a^tdf FTaHtii^ife€. 

2 & 3. THUCrOtOES. 'Sy tlie Rkv* U. D*.ls* la 3 VoLi. (St, fi*?. eaclj). 

4, i>LATO, Vol. 1. liy CiUT. rilie Ajinlo^j of SocratcBj Crito, FhffliiCi, ©orgiaip 

i*rcttn,gciiJiii, 1 ]LiiM]mjt, TKactetTM, SiiLlLyiiliroii, L^fd,] 
1 LIVV'S HISTORY OF ROME, Vol. 1., hooka 1 !*j fi. 

6. PLATO. Vol. U. Bx DAVii. [This Ucpubjtc, Timseiii, and Crittaa.) 

7. LJVY'S Hr STORY Of ROME. Vol. tL, Itooks Q Ut 30, 
e. SOPHOCLES, rbe Oifonl Traiialutmn, reviflcd. 

10, ARISTOTLE S RHETORIC AND POETta With EjaraJiuitlOQ Qneitimii. * 

It. UVYS HISTORY OF ROME- Vf,L HI,, BooLa 37 tttJfl. " 

12 ^ V4. EIJRIPIOES. **roiti TJ;o T«xt of DindorL In 3 Yflli, 

13. VIRGIL Dj Kavid^oit. New KditloTt, ItoriiSiL fPriMBf.eif.} 

1 5, HORACE. Bjr Siiiitt. Kew EdiLimi, Bevised, (Frice S** Si/,) 

13. ARISTOTLE'S ETHICS. By I' nor. R, W. Bju^wNK, cf King'* ColldB*. 

1 7. etc EROS OFFICES. [Oy Ag^ IVienasltip, Selpki'i Dniam, Pifaaoxd. kt] 
IS. PLATO. Vol III. By Q, BuKfltB. M.A. ^iitbjdemi»» SyiBpoaliim, SapbligUii, 

Ftiliticui, l^^shem, Ps.rmcTSides, Cmtvk* , And AlcaDO 
19. UVVS HISTORY OF ROME, VJ. lY, {wbidi cwrapletet tlie wmk). 

2 ij. C* S A R A N D H I RT I U S. Wi tli Indti. 
:m. HOMERS ILIAO. rrmtupitae, 

■1-2. HOMER S ODYSSEY, IlTMBa, EncRA«s, anIj Battle ow the Fbobi 4S1> Micb 
£3. PLATO. Vol. IV, By G. BuHOita, M.A. ffliikljui^ Cbarmldei, Lachw, Ibo 

Two AScibcDiTea, nmd Tea uthtr Diiloroea.] 
C-n 25, & as. OVID. By IL T. MLKt, BX Complete in 3 Volt Fra^iujiiesv, 
PO. LUCRETIUS. By the Brt. J . S. Watsoh. Wttli tlift Mttrical Vcraioti of J. M. Good. 
2T, 30. 31, & 34, CICERO'S ORATIONS. By C. P. YowtiF, Complete in 4 Vols 

(VbL 1 cofktfiina iJ^o 111? BheloricaE ?iiicei.> 
28* PINOAR, By Uawsoji W.TuEffMa. With thu Metrical VcriiQa fif MoOeb, P^mU* 
S9. PLATO. VoLV, By O. BtrnnKS, JLA. [The Ltiwi.] 

33, THE COMEDIES OF PLAUTUS. By ILT. Bii.iif.B.i, lii3 YolI. VoL L 

34, jLiVENAU FERSIUS, &o. By tlio Be v. L. Evafs. JJ.a. Witn the MetriCia 
VerBion of Girrou-D, I'roHlhpiew, 






^trfl, VF/t/cirnt u-iM ^ii Statidabd Libkaet, at Ej. perverting 

BOHN'S ILLUSTRATED LIBRARY. 

1 to e, LODGE'S PORTRAITS OF ILLUSTRIOUS PERSONAGES OF GREAT 
BRrrAiN € VoIb. poat fivo. 240 /'or/rdti*. 

9 LI^UIKSHANKS THREE COURSES AND DESSERT, tfi^A 50 /if»tjfffl(MJM, 
i\). PICKERING'S RACES OF MAfi, vith mtmcnut tifrlr^iittiufCahtircd^tAd,} 
n. KITTOS SCRIPTURE LANDS, AND BIBLICAL ATLAS, M>it\ U Maps, (at 

!2, WHITES NATURAL HISTORY OF SlLSOANE, with ^fltfii by StU Wm. 
JAftT?rjyK and othtri, edited, with Urga hdditicpiis, by Ed. ^rsur, E»q. fflU40 

13. DIDROt^ S CHRISTIAN ICONOGRAPHY, M>Hk IsO iMNf^riJ EnffratitiSi. Jm 

2 Vola, Vol., h 

14. REDDING ON WINES. Np^ and Bfriaed Hdition, wtM SO («d«Ji/iJ Wbod<vtt. 
15 at I e. ALLEN S BATTLES OF THE BRITISH NAVY, Now E<iition. EuUffaJ 

liy the Auamr, ^um '.yHtJint Foriraiii on St^itL 3 Vola. 
17 8t 19, ROME IN T NETEENTH CENTURY. Fiftli Edition, b I Tdt^ 

mikUAmittettA^ J¥J| sad laaei. 
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